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Abstract
Background: Self-management is the process of preventing complications through
meticulous self-care and vigilant self-inspection. Persons with long-term impairments or diseases
must follow an effective self-management routine as part of their care regimen to reduce the risk
of injury. Assessment of knowledge as it relates to self-management is standard care for persons
with chronic disease and long-term impairments. Identifying knowledge gaps allows for patientcentered educational interventions to be targeted to the person’s area of deficit. Despite the
importance of self-management in persons with limb loss, there is currently no valid and reliable
way to objectively assess knowledge specific to this population.
Purposes: The purposes of this dissertation study were to develop and validate a reliable
knowledge assessment measure and corresponding set of targeted educational interventions that
are specific to the lower limb loss population, and to describe the experiences of prosthetic users
as it relates to self-management.
Methods: This dissertation study took place in four phases and utilized mixed
methodology. Phase 1 involved a needs assessment of relevant stakeholders through semistructured interviews. Phase 2 was development of the knowledge assessment measure, face
validation, and content validation of that measure. Phase 3 assessed reliability using KuderRichardson Formula 20 (KR-20), item difficulty, and structure of the measure based on corrected
total-item correlations. Phase 4 evaluated the discriminate construct validity of the measure using
known groups.
Results: Four prominent themes relating to self-management were established from the
codes of interviewed prosthetic users, supported through triangulation of interviewed prosthetists
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and physical therapists. The themes were: self-management (1) requires embodiment of
responsibility, (2) requires vigilance and self-advocacy, (3) is a process facilitated through
education and support, and (4) requires decision-making. Reliability of the drafted 60-item
measure was good at KR-20=.72, however alternative forms were found to have superior or
similar internal consistency ranging from KR-20=.70-.82. Face validity was high at a mean
4.49±.15/5.0 (90%) for the measure’s readability, usability, perceived utility, and benefit to
stakeholders. All versions of the measure had discriminate construct validity (p<.05).
Conclusion: The knowledge assessments developed in this dissertation study are both
valid and reliable for persons with lower limb loss. For new prosthetic users, a short 14-item
version can be used as a quick screen in the clinic to assess self-management knowledge, while
sub-modules and the 45-item comprehensive assessment allows for a progressive depth of
examination. The measures can be utilized in the clinic to identify gaps in self-management
related knowledge.
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Chapter 1: Introduction
Introduction to the Chapter
This chapter provides insight into the problem that was addressed in this dissertation
study, the background to the problem, relevance to clinical practice, applicable theoretical
frameworks, research aims and objectives, and hypotheses. Operational definitions are presented
along with terms of relevance to this dissertation study. A summary is provided at the end of the
chapter.

Problem
Persons with lower limb loss (LLL) require the ability to self-manage their residual limb,
their prosthesis, and the interface between the residual limb and the prosthesis.1 Failure to
properly self-manage can result in self-management related complications (SMRC) that can vary
from skin irritation to the possibility of reamputation.2-9 Health professionals can use outcome
measures to assess self-management knowledge and behaviors, in an attempt to prevent SMRC
associated with chronic or permanent disease.10-16 For persons with LLL, there is currently no
valid and reliable measure of self-management knowledge. Therefore, there is no way to
objectively assess if the patient has the requisite knowledge to prevent undesired outcomes
associated with LLL. Objective assessment of an individual’s self-management knowledge can
assist the physical therapist (PT), medical team, prosthetist, person with LLL, as well as the
caretakers of a person with LLL in providing focused and efficient care.

Background to the Problem
Losing a lower limb can be a life-altering event that influences every aspect of the
individual’s life.17 Physically the individual needs to adapt to life without limb(s), and if they are
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capable, undergo training to use a prosthetic limb.18-20 The individual would be responsible for
self-managing their residual limb, and if using a prosthesis the individual will need to manage
the interface between the residual limb and prosthesis.
Self-management in the case of LLL can be defined as the knowledge and skills required
to care for the residual limb, which includes performing routine self-assessments of the skin,
recognizing when to seek help, and identifying potential problems at the residual limb-prosthetic
socket interface.1 This process of self-managing is believed to be crucial in the prevention of
SMRC’s related to LLL, including integumentary, musculoskeletal, and functional
impairments.21-23 These complications could include the development of a wound on the residual
limb, residuum pain due to improper volume management, or a fall due to improper suspension.
Since the importance of self-management in persons with LLL is established, and
teaching of such material is considered part of the standard care,24,25 it is reasonable that there
should be a way to objectively evaluate self-management. Specifically, there should be a formal
way to assess an individual’s knowledge regarding their self-management of the residual limb,
prosthesis, and the residual limb-prosthesis interface. Identifying if a knowledge gap exists
allows for targeted educational interventions (TEI) specific to the individual’s area of deficit to
be applied in a timely manner, ideally before SMRC cause bodily damage. Targeted educational
interventions can be thought of as the correct procedure for each specific element of selfmanagement. This process of assessing and applying TEI is one that involves both the healthcare
practitioner and the person with LLL, facilitating an active management of their condition; a
desirable outcome which is more beneficial than that of passive management.10
Self-management knowledge assessment with resultant intervention is standard care in
many other health disciplines.10-16 For example, clinicians working in the field of diabetes
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mellitus (DM) have employed measures to assess patient’s self-management knowledge and to
determine the appropriate intervention(s). Studies have looked at assessment, interventions, and
the reduction of SMRC through education and behavior change.26-31 Currently, there is no
published valid and reliable measure for the assessment of self-management knowledge in
persons with LLL. The need for a formal assessment mechanism was addressed in this
dissertation study.

Purposes
The purposes of this dissertation study were two-fold: First, to describe the experiences
of prosthetic users as it relates to self-management, and second to develop a valid and reliable
assessment of self-management knowledge of post-amputation care in persons with LLL. The
assessment measure was developed to quantify areas of self-management deficiency in order to
assist health professionals, caretakers, or the person with LLL identify specific knowledge gaps
that require intervention. The new knowledge assessment measure is the Self-Management
Assessment for the Residuum and prosThesis (S.M.A.R.T.).

Theoretical Framework
The theoretical frameworks for this study include several self-management related
theories, all adapted from the closely associated medical condition of DM, as this has the most
robust body of knowledge regarding self-management. The first is the Self-Regulation Theory.32
This theory focuses on the individual’s personal illness representation as a key determinant of
behaviors employed in self-managing one’s condition. By eliciting the individual’s level of
knowledge and beliefs, it allows for the health practitioner to remodel the client’s thought model
and directly influence their self-management abilities. This theory could be considered an
extension of the Health Belief Model, which postulates that an individual will take a health-
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related action (in this case self-managing) if they believe that a negative health condition can be
avoided, such as developing skin breakdown.33
Dual Process Theory was also apt for this study.32 Dual Process Theory emphasizes the
need of the person with limb loss to engage actively in their education, rather than depending on
passive education imparted to them by health professionals. This is the basis for using an
assessment measure completed by the person with LLL, and then following up directly to apply
TEI’s in an active and explanatory manner. This is in opposition to the current ambiguously
defined method that generally relies on passive education.24
The final theory that applied to this dissertation study is that of Social Learning. Social
Learning Theory emphasizes changing perceptions regarding self-efficacy, as self-efficacy is
shown to be one the greatest predictors of self-management behaviors.32 The S.M.A.R.T. may be
able to directly influence these perceptions through assessment and TEI, thus improve selfefficacy through positive reinforcement and quantification of knowledge levels.

Research Aims
To develop and validate a reliable assessment measure to assess self-management
knowledge in persons with LLL requires multiple phases, each with their own research aims and
objectives.

Specific Aims
1. Describe the experience of self-management from the perspective of prosthetic users.
2. Determine what items should be represented on a knowledge assessment measure
through a needs assessment.
3. Develop an assessment measure of a person’s knowledge of self-management of post
amputation residual limb care along with targeted educational interventions.
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4. Determine the internal consistency reliability of the S.M.A.R.T. assessment measure in
persons with LLL.
5. Determine the discriminant construct validity of the measure.

Objectives
1. The S.M.A.R.T will be reliable based on internal consistency values >.70.
2. The S.M.A.R.T will demonstrate face, content, and discriminant construct validity.
3. The S.M.A.R.T. will be able to discriminate based on knowledge level.

Definition of Terms
Self-management: the knowledge required to care for the residual limb, assessment of the
skin, recognition of when to seek help versus what can be done independently, as well as
problem-solving the residual limb-prosthetic socket interface. The operational definition
is adapted from the interpretation used for persons with diabetes,11 along with prior
studies completed on the subject of self-management and persons with LLL.1,23,34
Lower limb loss (LLL): the resulting condition once the leg has been amputated, whether
by surgical means or traumatic event. For the purposes of this dissertation study, it also
includes persons with limb difference.
Residual limb: the remaining portion of the limb attached to the body after amputation.
For the purposes of this dissertation study, it also includes the limb of persons with limb
difference.
Residual limb-prosthetic socket interface: the point of contact between the prosthetic
socket and the residual limb.
Knowledge assessment measure: a self-report outcome measure that is used to identify
gaps in the individual’s self-management behaviors.
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Targeted educational intervention (TEI): focal answers and explanations to the questions
on the knowledge assessment measure.
Self-Management Assessment for the Residuum and prosThesis (S.M.A.R.T.): The
combination of the knowledge assessment measure and the TEI.
Self-management related complications (SMRC): Conditions associated with failure to
self-manage, including but not limited to skin breakdown, falls, non-use of the prosthesis,
and infection.

Summary of the Chapter
Self-management is an important component of adapting to life after LLL. Persons with
LLL need to make decisions regarding the management of their residual limb, prosthesis, and the
residual limb-prosthesis interface. Failure to properly self-manage may result in SMRC’s, which
are detrimental to the person with LLL. While the medical field has already adopted knowledge
assessments and interventions for certain conditions, there is no valid and reliable way to assess
knowledge in persons with LLL. If knowledge gaps can be identified, it is more likely that an
efficient and effective intervention can be prescribed. Therefore, the purpose of this dissertation
study was to develop and validate a reliable knowledge assessment outcome measure that can
assess self-management knowledge in persons with LLL, identify gaps, and address these
deficiencies with TEI.
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Chapter 2: Review of the Literature
Introduction to the Chapter
This chapter will provide a review of the literature surrounding the relationship between
specific chronic diseases, knowledge assessment, self-management, as well as a summary of
important psychometric properties of select knowledge assessment measures. The chapter will
conclude with a summary of the best practices for the development of a knowledge assessment
measure.

Limb Loss Rehabilitation
Before exploring the intricacies of knowledge assessment, it is first necessary to
understand the rehabilitation process after LLL, specifically as it relates to self-management.
Living without a limb is a many-faceted challenge that requires multidisciplinary
care.25,35,36 While use of a prosthesis after lower limb loss is desirable, it is not always feasible
or practical. For example, an individual with a unilateral transfemoral amputation, who also has
comorbidities such as cardiac and respiratory conditions, may not be able to tolerate the
metabolic demands of wearing prosthetic devices for ambulation and other mobility tasks.37
Alternatively, not all individuals choose or have the ability to wear a prosthesis.38 Thus, the
rehabilitation of a person with LLL must be considerate of the fact that not everyone will be a
prosthetic user.
Regardless of whether a person with LLL utilizes a prosthesis, self-management
education is necessary to prevent the previously mentioned SMRC’s. If the individual is
rehabilitating in the United States, there may be an opportunity to receive PT. Physical therapy
provides functional mobility training, with or without a prosthesis. Functional mobility training
includes: strengthening, gait training, balance and other exercises with the goal of each person
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with LLL reaching their maximal capability to participate in community activities.39 There are
publications describing in detail the patient management mentioned above, including the
comprehensive Department of Defense Guidelines for persons recovering from LLL.25
However, beyond the promotion of physical abilities, the PT is also one of the chief
educators involved in the rehabilitation process. As such, the PT is well-suited to assess and
intervene regarding the individual’s understanding of self-management responsibilities.
Unfortunately, due to the compartmentalization of healthcare services, it can be difficult to
determine which healthcare provider should be providing this care.40 Since a typical
rehabilitation team in an inpatient rehabilitation facility consists of a PT, occupational therapist,
speech therapist, and physiatrist, it is foreseeable that each person relies on the other to educate
the patient formally, without ever assessing if it has been done.41 Further, the prosthetist may not
be an in-house provider (unless in the military or other specific situations), meaning the
interactions between the team and prosthetist may be limited.42
This presents a challenge to the comprehensive rehabilitation of the person with LLL, as
the lack of standardized education and accountability of services provided is not as well-defined
as the elements of physical function. For example, a PT may believe that either the prosthetist or
the occupational therapist will address the self-management education and training, while the PT
will focus on elevation negotiations and gait training. Conversely, the prosthetist and
occupational therapist may believe that the PT will address the self-management related training.
Because of this potential lack of continuity and transparency in care, it becomes paramount that
the process of self-management education undergo standardization at an interdisciplinary team
level. Creation of a knowledge assessment is one of the first steps in preventing a person with
LLL from missing information due to failures in the interdisciplinary care process.43
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Development and Application of Knowledge Assessments
Due to the paucity of research in the area of self-management as it relates to persons with
LLL, it is necessary to first look towards how self-management is defined, assessed, and treated
in other health conditions. Then, an understanding of how to develop and validate a reliable
knowledge assessment measure for persons with LLL can be formulated. Below is a conditionby-condition look at how self-management is defined and assessed, starting with various chronic
conditions then focusing on DM and limb loss.
Many different medical conditions require the ability to self-manage. In the case of the
medical condition atrial fibrillation, failure to properly self-manage can result in a lifethreatening situation.44 Management in the case of atrial fibrillation is defined as maintaining
adherence to a medical regimen, managing side effects of medications, avoiding potential drugfood interactions, and monitoring oneself for signs and symptoms of the condition.45 Improper
self-management puts the person with atrial fibrillation at increased risk of stroke, bleeding, and
cardiomyopathy.44 Due to the importance of self-management in this condition, and the link
between knowledge and self-management in chronic conditions, researchers created an
assessment measure specific to the atrial fibrillation population.45
Another chronic condition that requires self-management is osteoarthritis. Selfmanagement in this condition is described as managing medical treatment (including sideeffects), avoidance of activities that can exacerbate symptoms, and the performance of exercises
to prevent further joint deterioration.15 While researchers found that patient education was an
essential element of treatment of osteoarthritis,46 there was no way to assess the efficacy of
patient education. As in the case of atrial fibrillation, there was no valid and reliable assessment
measure to evaluate self-management knowledge in persons with osteoarthritis. In response to
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this gap, researchers developed and validated the Patient Knowledge QuestionnaireOsteoarthritis (PKQ-OA).15
Rheumatoid arthritis requires skilled self-management to prevent incidence of joint
deformity, loss of function, and cardiac complications.47 Therefore, self-management in this
population involves medication management, knowledge of activity parameters, disease acuity
recognition and resultant behavioral modifications, and cardiac-related lifestyle changes.47,48
Much like in the previous medical conditions described, a valid and reliable measure was needed
to assess this population in order to measure the efficacy of education programs deemed critical
to managing the disease, and to be able to target areas of knowledge deficiency with further
interventions. As a result, several measures were created and refined over the past decades, with
sub-foci on specific aspects of the disease.16,49-51
The progressive chronic condition ankylosing spondylitis is known to cause reduced
movement in the spine and extremities, resulting in postural abnormalities and loss of function.52
However, with proper self-management the disease’s impact can be mitigated. This involves
self-management of the person’s diet, exercise regimen, medical regimen, and early recognition
of musculoskeletal complications to prevent advancement of the condition.53 To assess
knowledge and identify potential gaps that could result in complications related to the disease,
researchers have created a questionnaire for ankylosing spondylitis.52 Much like in the other
conditions noted, the measure was created due to the lack of a valid and reliable instrument to
assess the efficacy of patient education programs.
The condition with the greatest body of knowledge surrounding knowledge assessment
and self-management is diabetes mellitus (DM). This disease requires proper self-management to
prevent worsening of the condition and to maintain integrity of the physiological systems. In this
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population, self-management is defined as the ability of the individual to monitor their glucose
level, administer medication appropriately based on the glucose levels, adjust their diet to
maintain proper levels of glucose, and problem-solve issues that may arise.54-56 Further, the
person must also monitor their skin for areas of breakdown in the case that diminished peripheral
sensation exists.57 Since knowledge is a key component of self-management, much effort has
been placed in ensuring that comprehensive patient education occurs in this population.58
Therefore, a necessary evolution from this concept was to formally assess knowledge as it relates
to the disease process and management of the condition. This necessity has produced multiple
different versions of knowledge assessments for self-management over the past decades.1113,26,43,59,60

While it is apparent that many other conditions have valid and reliable measures of
assessing self-management knowledge, there is currently no valid and reliable measure for
assessing self-management in persons with LLL. The only known measure that was designed to
assess knowledge in persons with LLL, albeit for use in developing nations, was a study
performed by the investigator of this dissertation study in 2015.23 The questionnaire was
designed for persons with LLL residing in Africa who had very little access to health care. While
the measure was found to be useful, it did not undergo formal validation and reliability testing.
It did, however, provide the groundwork for this dissertation study, and served as an inspiration
for the development of the S.M.A.R.T.

General Considerations for Assessment Measures
Before dissecting the granular elements of each of the knowledge assessment measures, it
is necessary to first understand the major components of a clinically appropriate knowledge
assessment. The goal of this section is not to provide a comprehensive review of all the
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important properties that would be considered in all self-report measures, but rather to focus on
the elements that are integral to knowledge assessment measures.
Readability
Readability, or the ease of reading the measure, is a basic element of any written material
provided to the intended end-user.61 Readability is commonly measured using the Flesch
Reading Ease Formula, which provides a grade level equivalent of the language used.62 The
primary purpose of establishing desirable readability on an assessment measure is to ensure that
the target end-user’s literacy is being considered.63 With guidelines recommending that written
materials be at no greater than a 6th-8th grade reading level,64 great care must be taken in the
development of a measure to ensure that literacy is not a barrier to implementation.65 This
includes jettisoning any jargon or medical vernacular that would not be understood without
explanation. Thus, a reading ease value indicating between 5th-8th grade should be obtained
prior to validating the measure.66
Reliability
While there are numerous ways to determine the reliability of a measure, self-reports are
most commonly analyzed for reliability using internal consistency.67-72 Internal consistency is a
measurement of a scale’s reliability, specifically whether the measure is reliably measuring the
same construct.73 The most commonly used formula for internal consistency is Cronbach’s alpha
-Richardson Formula 20 (KR-20) can also be used if the data is dichotomous, and
for the purposes of reliability these approaches can be considered identical.74 Since this
dissertation study will be built off a dichotomous scale (the answer is either correct or incorrect),
future references to reliability testing will be focused on KR-20 instead of Cronbach’s alpha. The
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range of reliability for KR-20 values will be between 0-1, with scores >.70 being considered
acceptable test items.75
To maximize the KR-20 value of a measure (an indicator of the reliability) there needs to
be a process of culling and reducing items that are not consistent with the other items. Since the
KR-20 value is correlated to an extent with the number of items on a measure, reduction in items
can result in a KR-20 level dropping below the desirable .70 threshold. However, a longer
assessment measure becomes cumbersome and clinically impractical due to the time required to
both administer and review. The longer measure also runs the risk of being multi-dimensional,
which may extrapolate beyond its intended use.74 Therefore, a reliable measure must be reduced
to the smallest number of items possible that still maintains KR-20 levels > .70.
To reduce items, corrected total-item correlations (CTC) are analyzed and a coefficient is
produced (Rs). Corrected total-item correlations are the contribution of each item to the
instruments consistency as determined by the ability to discriminate between high- and lowscoring individuals.76 For CTC, Rs values >.20 are desirable, with those values above .40 being
considered excellent.76 By analyzing the CTC of each item, the total length of the measure can be
reduced to the minimal question set that produces the greatest reliability coefficient. Overall, a
desirable internal consistency value denotes a reliable measure.76
Validity
Face, content, and construct validity are examined in the development of an assessment
measure.77 Face validity is considered the least stringent and informative, establishing that in the
opinion of evaluators the measure appears to pertain to its intended purpose.78,79 However, face
validity should not be undervalued, as higher face validity is associated with better stakeholder
motivation when completing a measure.80
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Content validity is a measure of the accuracy of the information being presented within
the measure.78,81 There are several ways to evaluate content and face validity, but it is most
commonly assessed with surveys and expert panel consensus.16,23,27,49 Much like face validity,
content validity is critical to stakeholder acceptance of a measure.82
Construct validity, on the other hand, is a rigorous and standardized process that
determines if the measure is truly detecting the intended construct.83 In the case of the
S.M.A.R.T., it would be the construct of self-management as it relates to LLL. While a construct
may be unidimensional, self-management is believed to be multi-dimensional in nature given the
many facets involved in the proposed operational definition of what it means to self-manage.
Based on the literature, clinical expertise, and the pilot study, it is believed that the primary
domains related to self-management in persons with LLL are hygiene and problem-solving to
prevent complications (PSPC).1,4,8,9,23,84,85 A description of the relevant domains will be
determined in the reliability phase of analysis.
To determine discriminative construct validity, or the ability of the test to distinguish
between groups, is a process called known-groups analysis.86-88 This involves taking a group
with established characteristics and comparing them to a group with distinctly different
characteristics. The result is that the valid test should be able to distinguish between scores,
demonstrating the ability of the test to discriminate.87 For the purposes of this dissertation study,
the known groups will be the persons with LLL and clinicians (PT’s and prosthetists) providing
care to persons with LLL. It is believed that the clinicians will possess a greater understanding of
self-management than the persons with LLL, and the S.M.A.R.T. measure will be able to
distinguish between these two groups based on their performance on the measure.
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Knowledge Assessment Measures
A selection of knowledge assessment measures relevant to this dissertation study are
discussed below. The methodologies utilized in this dissertation study will be based up the
established recommendations from this body of literature discussed below.
Atrial Fibrillation Knowledge Assessment Measure
For the atrial fibrillation self-management instrument, researchers needed to create a
measure as there was no extant measure available. Researchers utilized the Institute for Clinical
Symptom Improvements atrial fibrillation guidelines as the primary source of content for the
measure.45 Using an interview format to obtain data from participants, the measure utilized openended questions seeking to understand participant knowledge about self-management as it
related to atrial fibrillation. The measure was piloted on an unknown number of participants first,
before being used as part of the study. The measure had a weighted scoring system based on
responses, with two scales comprising a total of 54-58 questions. Lacking in the development of
this measure was any reporting of content, face, or construct validation, as well as no formalized
reporting of the measure’s reliability.45
Patient Knowledge Questionnaire-Osteoarthritis (PKQ-OA)
The development and validation of the PKQ-OA were performed in two phases. To
develop the measure, an expert panel was assembled from multiple disciplines involved in direct
care of patients with osteoarthritis, as well as a cohort of 12 individuals with osteoarthritis. Each
member of the cohort was individually interviewed for approximately 30 minutes. The interview
was recorded, and the subsequent transcript was then analyzed for themes by the researchers.
The expert panel then reviewed the developed themes, analyzed the draft PKQ-OA for face and
content validity, and made recommendations for revisions. The PKQ-OA was revised, evaluated
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for readability using the Flesch-Kincaid Reading Index, then revised one final time once a
desired readability value was achieved. The result was a multiple-choice measure consisting of
16 questions with 30 correct answers and a readability score of 72.9, indicating a 7th grade
reading level.
Phase 2 pilot tested the measure among thirty participants from the target population.
After completing the measure, the participants were asked to evaluate the measure for
readability, clarity, and feasibility. Reliability was examined by having twenty of the participants
retake the same measure within four weeks after the initial completion. Internal consistency was
examined using KR-20. Construct validation was not performed, and the measure underwent no
further refinements before being utilized.15
Patient Knowledge Questionnaire-Rheumatoid Arthritis (PKQ-RA)
The PKQ-RA was designed due to the shortcomings of existing measures, specifically in
the assessment of persons with early onset RA.16 The PKQ-RA has 12 multiple choice questions
with 5 choices for each question. Using a proprietary educational program as content for the
measure, the draft was developed using simple terms that patients could understand. An expert
panel consisting of four rehabilitation team members reviewed the draft measure for content
accuracy. No further explanation was given for the content validation testing procedure or
results. The PKQ-RA was then piloted on 15 participants with early RA for feasibility testing
and face validation. Both test-retest reliability and internal consistency were measured,
demonstrating an intraclass correlation coefficient (ICC) value of .87 and a Cronbach’s alpha of
.62. While the test-retest reliability ICC value was sufficient, internal consistency fell below the
recommended standards. It does not appear that construct validation was ever performed.
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Heart Disease Fact Questionnaire (HDFQ)
The Heart Disease Fact Questionnaire is a sub-discipline-specific measurement measure
for persons with diabetes.89 The initial content for the measure was taken from national agency
guidelines, patient education materials, and current literature. Twenty-three “True,” “False,” or
“I don’t know” items were developed and reviewed by an expert panel to establish face and
content validity. The measure was piloted on 66 participants, and test-retest reliability was found
to be high (n=13, r=.89). Following the pilot, the measure was revised and administered to 268
participants. Internal consistency was assessed using KR-20, and it was found to have a value of
.77. Flesch-Kincaid Reading Ease score was 62%, which places it roughly at an 8th grade
reading level. Item-total correlation scores ranged from .18-.41. Discriminative construct validity
was established using known-groups discriminative factor analysis.
Heart Disease Knowledge Questionnaire for Rheumatoid Arthritis (HDKQ-RA)
The HDKQ-RA was developed to specifically examine cardiac self-management in
persons with RA.50 The measure required development as no other instrument directly assessed
knowledge specific to cardiac concerns, however, the authors of the study adapted questions
from two existing measures to initially populate the HDKQ-RA. Questions for the measure were
initially created by the authors of the study, then a focus group of five rheumatologists reviewed
the measure to establish content validity. The measure was then further evaluated using cognitive
interviewing among four participants with RA. Probing was used to determine if the participants
interpreted the questions on the measure correctly. Following the interviews, the measure was
then revised. A 24-item measure consisting of dichotomous answers, along with an “I Don’t
Know” option was drafted and piloted on 50 participants. Two domains were represented on the
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measure and following the pilot study the measure was split into two parallel forms. Each form
contained a total of 13 questions representing equal distributions of questions in each domain.
Construct validity and reliability were examined. One hundred and thirty-five participants
were enlisted to complete the measure in a cross-over, counterbalanced design using the two
versions. Reliability was assessed by requiring participants to again fill out the measures again 2
weeks later and comparing descriptive statistics between the two time points. Item difficulty
scores were calculated for each question, and a factor analysis was performed comparing
baseline and the two-week follow-up time points. Internal consistency was examined using KR20, while known-groups analysis was used to establish the discriminative validity of the
measure.
Parallel form reliability was found to exist between the two versions, having found no
significant difference in a comparison (z=-.0313, p=0.754) and a moderate correlation (r=.5).
Test-retest reliability was established in a similar manner to that of the parallel forms, using time
point comparisons instead of multiple versions of the measure. The values for version A and B
were both non-significant in their difference (z = -1.78, p = 0.08; z = -1.74, p = 0.08) with
moderate correlations (r=.54 and .41). Internal consistency was .65 and .67 respectively for two
different versions, which is just beneath the desired value of .70.
Ankylosing Spondylitis Questionnaire (ASQ)
The ASQ was developed in a similar manner to the others presented above.52 An expert
panel of medical doctors and rehabilitation specialists were convened to review a draft of the
ASQ based on patient education materials, then assess the readability and face validation. The
format was multiple choice, with 14 questions across four domains, and an “I don’t know”
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response to discourage guessing. The measure was piloted among 32 persons with AS, then
tested further with 30 more participants.
To determine the discriminative power of the ASQ, the index of difficulty was used. Any
value >.75 was revised or removed. Internal consistency was assessed using Kuder-Richardson
Formula 20 and was found to be high at .85. Test re-test reliability (n=30) at the 4-week time
point was also high (Spearman r=.77; ICC r=.98). The Flesch Reading Ease Index revealed a
score of 80, which is considered acceptable.52 However, construct validation was not performed.
Diabetes Patient Knowledge Test (DPKT)
One of the first knowledge assessment measures, the DPKT, was created by the
University of Michigan in 1983.27 The measure was created by a group of experts in the
management of diabetes, resulting in an initial measure consisting of 150 questions. The measure
was pilot tested on 10 participants, followed by resultant discriminative item analysis that
resulted in the reduction of questions to 38. Two 38-question versions were then created in
parallel and tested among multiple groups, providing a total participant pool of 950. Factor
analysis was performed on the measure, as well as item-total correlations. Internal consistency
was examined using Cronbach’s alpha, and overall it was found to be very good at .89.
Instrumental sensitivity, a measure of how well the test can detect change, was found to be
excellent. The authors utilized known-groups to establish construct validity.
Brief Diabetes Knowledge Test (BDKT)
The BDKT was created by Fitzgerald to be a quick clinical screening measure, building
off the framework put forth by the DPKT.26 The description of how the measure was created is
lacking in the publication of the study, however based on the limited description, a Delphi-type
decision-making was utilized to refine the content further. The content areas were specific to
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insulin users, non-insulin users, as well as distinguishing between types 1 and 2 DM. A 23-item
multiple choice test consisting of two domains was created and found to be at a 6th grade reading
level equivalent. A sample of 811 participants completed the study. Internal consistency was
reported at >.7, indicating the reliability of the measure. Known-groups construct validation was
performed and found the measure distinguished between two groups.
Yes-No Questionnaire (YNQ)
The YNQ23 was developed in consultation with an expert panel of 10 prosthetists and
rehabilitation professionals with international expertise in providing limb loss rehabilitation, as
well as three prosthetists from developing nations. The expert panel drafted and revised
questions, then grouped 36 yes-no questions into four domains using the consensus method. The
reading level was found to be 4.7 which was appropriate for an international audience. A total of
59 participants completed the measure, providing qualitative feedback and evaluating the form.
The results of the study presented the recommend refinements to the measure. As this was a
pilot study, no formal reliability or validation was performed.

Summary of Methods
A summary of the various development methods for selected measures can be visualized
in Appendix A.

Summary of Literature
This comprehensive review has demonstrated that there are a variety of methods utilized
in the development and validation of a reliable knowledge assessment measure. Many followed a
similar pathway for development: content generation, expert panel review, piloting, and
refinement. Content and face validity were established for most measures prior to larger scale
testing. Nearly all studies utilized internal consistency as the measure of reliability, specifically
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KR-20 for dichotomous items. Sample sizes were varied based on the prevalence of the
condition and access to participants. Construct validation was not performed in all measures, and
for those that it was performed, known-groups comparison was the most common to establish
discriminative construct validity.
Therefore, for the measure being proposed for this dissertation study, characteristics of
the extant knowledge assessment measures mentioned in the above table will be utilized. Table 1
summarizes the methodology along with rationale for this dissertation study.
Table 1: Proposed Characteristics of a Knowledge Assessment Measure
Characteristic
Method
Rationale
Item type
Dichotomous, with an “I don’t Dichotomous answers are
know” option.
have greater reliability
and reproducibility.90
The option of choosing “I
don’t know” reduces the
tendency of the test taker
to guess.50,52
Item number
<40
Fewer items to complete
will increase ease of
application.91
Sample size
Based on sample size
Limit risks of type II
estimation
error92
Expert panel
Yes
For initial content
creation and content
validation
Reliability
KR-20 (internal consistency)
For dichotomous
responses
Face Validity
Questionnaire/interview
Pilot study
survey/interview
Content Validation
Questionnaire/interview
Pilot study
survey/interview, expert
panel
Construct Validation
Independent t-test
Known-groups
comparison
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Chapter 3: Methodology
Introduction to the Chapter
This chapter reports the methods and data analysis used for this dissertation study.
Design and procedures are presented in individual phases. Methodologies utilized are reflective
of those established from the literature and are described in Chapter 2.

Study Design
Phase 1: Needs Assessment
This phase utilized a mixed-methods design that involved collection of both qualitative
and quantitative data. For the qualitative design, a phenomenological framework was used.93 A
phenomenological framework best suits qualitative studies that seek to describe the experiences
of a group.94 Since one of the purposes of this dissertation study was to describe the experience
of self-management in lower limb prosthetic users, an approach of semi-structured interviews
was utilized. Semi-structured interviews are used when a specific area of interest is to be
explored, however not so restrictive that the interview process must be limited only to the
questions asked.95 Persons with LLL, prosthetists, and PT’s were interviewed using semistructured interviews either in person or over the phone. These interviews were then transcribed,
coded, and themes were developed.
The interviews also served an alternative purpose of acquiring information on important
self-management variables that were represented in the development of the S.M.A.R.T. items.
This identification and quantification of variables, in the form of codes, were used in part to
create the measure in Phase 2. The interview script from Phase 1 can be found in Appendix B,
while the demographic information form, which was used to define participants, can be found in
Appendix C.
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Phase 2: Item Development, Face Validation, and Content Validation
This Phase implemented a mixed-methods design. A draft measure of the S.M.A.R.T.
was created based on codes identified from the needs assessment, literature review, clinical
expertise, and data from a previously conducted pilot study.23 The draft measure was then
evaluated by clinicians and persons with LLL. Following the evaluation, a semi-structured
interview was performed to gain greater insight into possible issues found with specific items,
similar to the process of cognitive interviewing with probing.96 Cognitive interviewing is a
process that helps identify and fix any issues with questionnaire items, and the act of probing
allows for in-depth understanding of the thought process behind the participant’s feedback.97 In
this regard, both quantitative and qualitative data were collected and utilized in the refinement of
the S.M.A.R.T. measure. The S.M.A.R.T. then underwent revisions before reliability and
construct validation were tested in Phases 3 & 4 respectively.
Phase 3: Internal Consistency Reliability
Phase 3 was a non-experimental methodological design. The S.M.A.R.T. from Phase 2
was administered to participants (persons with LLL, PT’s, and prosthetists), then analyzed for
reliability. Reduction of items and formation of refined S.M.A.R.T. measures occurred in this
phase.
Phase 4: Discriminant Construct Validity
Using the same design as Phase 3, discriminant construct validity was studied based on
the S.M.A.R.T. scores of the known groups. A significant difference in scores will indicate
discriminatory validity of the measure. Alpha level was set to .05 for statistical analysis.
For reference, a workflow of the dissertation phases is presented in Figure 1.
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Figure 1. Workflow of phases and purposes.

Subjects
Inclusion Criteria
English-speaking
Over 18 years of age
Belonging to one of the following stakeholder groups:
o Persons with LLL (for Phase 2-4)
o Lower limb prosthetic user
o Physical therapist who has experience working with persons with LLL
o Prosthetist
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Exclusion Criteria
In all phases, the participants were excluded if they demonstrated an inability to read the
materials or follow the instructions for this study.

Ethics Approval
The Human Subjects Committee (HSC) at the University of Hartford granted ethics
approval for all phases of the dissertation and acted as the hosting agency for the dissertation. An
Interagency Agreement (IAA) was established between the hosting facility and the Institutional
Review Board (IRB) at Nova Southeastern University. A copy of the IAA form can be found in
Appendix D. Since no identifiable private health information or any other identifying personal
information was gathered, the study was considered expedited by the review board, as it posed
no greater than “minimal risk.”

Specific Procedures
Prior to beginning the study, IRB approval was granted, and informed consent was
performed before the collection of any data related to this dissertation study. All files related to
the study were kept in compliance with regulations set forth in the approved ethical review.
Phase 1: Needs Assessment
An interview script for the semi-structured interviews was created based on a literature
search related to self-management complications in lower limb prosthetic users, clinical
experience, and expert recommendations. The script was evaluated by an expert in qualitative
research (dissertation committee member BL) to ensure proper formatting and flow of the
interview, with two-content experts unrelated to the study providing feedback on the content and
breadth of the questions. In order to maintain a focused interview structure, eleven primary semistructured questions related to self-management were designed, along with an introduction script
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that defined the necessary operational definitions being asked in the interview. The semistructured questions were designed to elicit responses regarding barriers, facilitators, and factors
regarding successful self-management form the participants.
Participants were interviewed either in person or by phone, and all interviews were audio
recorded. A combination of prosthetic users, prosthetists, and PT’s participated in the interview.
The average time for each interview was approximately 20 minutes, with some interviews taking
more time based of the participant’s speaking style and breadth of knowledge.
During the interview, the principal investigator of this study actively composed field
notes, and asked follow-up questions based on the information provided by the participants. Data
from field notes were then used to corroborate the findings from the interviews.98 Interviews
conducted in Phase 1 followed extant recommendations for conducting semi-structured
interviews in qualitative research.99,100
After the interviews were completed, audio recordings were transcribed by a third party
then summarized by the principal investigator. The summaries were used to perform member
checks with participants to ensure integrity of the transcribed interview, and for clarification if
needed. Data were analyzed to describe the experience of prosthetic users as it relates to selfmanagement, and to assign codes related to specific self-management elements that would be
used to establish items on the S.M.A.R.T. measure. Therefore, the findings from Phase 1
underwent divergent forms of data analysis and will be expounded upon under the Data Analysis
section of this Chapter.
Phase 2: Item Development, Face Validation, and Content Validation
Phase 2 involved the creation of the S.M.A.R.T. measure. The items that composed the
S.M.A.R.T. were based upon codes extracted from the data collected in Phase 1, extant literature,
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DOD/VA clinical practice guidelines,25 the clinical expertise of the principal investigator and
dissertation committee member (RG), and the findings from the pilot study.23 The initial draft of
the S.M.A.R.T. contained 59 individual items, along with the corresponding TEI. After the
measure was drafted, it underwent review by two experts in outcome measure development
specific to the LLL population. One expert was a member of the dissertation committee (RG)
who is a PT with over 30 years of experience working with the limb loss population, while the
second expert is a prosthetist who works in a research capacity. Feedback provided from the two
experts resulted in modifications to content, grammar, structure, and form of the draft.
Once the draft was revised, it underwent both face and content validation. A standardized
evaluation form was created for the appraisal of face and content validity. The standardized form
allowed for participants to mark an item or TEI for revision or deletion, as well as specify on the
form any issues with grammar or structure that was found. Participants could write on the form
freely during this phase, marking up individual items as they saw appropriate. Participants were
asked to review the S.M.A.R.T. measure item-by-item, complete the face validity survey, then
answer semi-structured interview questions related to their assessment to ensure clarity of
intended responses. Each item that was marked for revision or deletion was explored, as well as
any markings made on the items themselves. Feedback from the participants was put in written
format so that specific concerns and recommendations were recorded comprehensively.
The demographic information collection form, which was used to define participant
characteristics, can be found in Appendix E. The draft version of the S.M.A.R.T. used for
content and face validation, along with the standardized evaluation form, can be found in
Appendix F. The face validation questionnaire can be found in Appendix G. Following this
phase, the data were analyzed and the S.M.A.R.T. was revised based on the results of the content
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and face validation. The revised S.M.A.R.T. was then used in the following phase to determine
construct validity and reliability.
Phase 3: Internal Consistency Reliability
Following Phase 2, a revised S.M.A.R.T. measure was revised by the principal
investigator of this study and a content expert, based on the data from the content and face
validation results. An instructional sheet was drafted along with a new demographic collection
form. The revised S.M.A.R.T. can be found in Appendix H. The instruction sheet and the
demographic sheet can be found in Appendices I and J, respectively. As part of the data
collection, health literacy was screened using the Rapid Estimate of Adult Literacy in Medicine –
Short Form (REALM-SF). The REALM-SF is a valid and reliable instrument that is a quick to
administer assessment of the global health literacy of participants.101-103 For ease of
administration, the REALM-SF was modified to five items instead of seven. The modified
REALM-SF can be found in Appendix K. The REALM-SF was chosen to be part of the data
collection based on the belief that individuals with low health literacy may score lower on the
S.M.A.R.T., similar to what has been found with persons with DM.104
Participants in this phase were asked to complete the entirety of the S.M.A.R.T. measure
in the presence of the investigator of this dissertation study. This was done to ensure that
participants would not inadvertently discuss the findings with others, or potentially use available
educational resources to answer the questions. All items were reviewed following the completion
of the S.M.A.R.T. to be sure items were answered completely. Participants were paid $10 for
their participation in the study, and were provided a debriefing on questions related to the items
on the S.M.A.R.T.
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The results from this phase were then utilized to establish the internal consistency of the
S.M.A.R.T. and identify items that did not perform well on testing.
Phase 4: Discriminant Construct Validity
Data collection and procedures for Phase 4 were carried out in Phase 3. The goal of this
phase was to determine the discriminative construct validity of the S.M.A.R.T. between two
known-groups (clinicians and persons with LLL). Thus, this phase was conducted primarily
through data analysis, with the means of each of the known-groups compared. Further detail is in
the following paragraph on the specific form of analysis.

Data Analyses
For all quantitative analysis SPSS v25 (Armonk, NY) was utilized. Qualitative analysis
was done using traditional methods (pen-and-paper).
Phase 1: Needs Assessment
The needs assessment phase required two different methods of data analysis. For the
qualitative component of this phase, transcribed and member-checked interviews were coded
independently by the principal investigator and an individual experienced with qualitative
research. The constant comparison method, which is commonly used with phenomenological
analysis, was employed to determine codes and resultant themes.105
Each distinctive population (prosthetic users, PTs, and prosthetists) was analyzed
independently, with the primary data set consisting of themes from prosthetic users, and
confirmatory data generated from the clinician interviews for confirmation. To ensure accuracy
in the coding, an independent audit of 50% of the codes was performed by an individual
experienced in qualitative data analysis. For the data set to be confirmation, > 90% agreement in
the audit was required. If less than 90% of the codes were considered accurate by the
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independent reviewer, a full audit of 100% of the data set would occur. Revision of the codes
would occur until > 90% agreement was achieved. This process of auditing is thought to prevent
investigator bias from obfuscating the participants results.106
Following the audit, identified codes were then grouped according to their relationships
with each other, and this process was completed independently by both data analysts. Once the
codes were grouped, thematic analyses were performed independently by the two analysts, then
the purposed themes were compared between the primary investigator of this study and the
independent reviewer. Themes were revised using consensus agreement between the two data
analysts until congruency of themes was reached. Themes were then triangulated by comparing
the themes generated from the prosthetic user’s interviews with the themes generated from the
prosthetist and PT interviews. To further confirm the themes generated, rich, thick narratives
from participant interviews were extracted from the transcripts to support each of those themes.
Data were then presented thematically by participant grouping, along with the supporting
narratives from individual participants.
For the quantitative analysis of the needs assessment, the coded interviews were analyzed
in a similar manner to that of the qualitative component. Rather than develop themes and
supporting narratives, the emphasis was on calculating the frequency and distribution of relevant
content that could be utilized to develop the S.M.A.R.T. items in Phase 2. This was
accomplished by quantifying the code list produced during the qualitative analysis, as well as
performing a focal search of all transcripts for variables related to self-management. The
variables represented from the needs assessment were tabulated and used as the foundation for
the content areas and domains represented on the S.M.A.R.T.
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Phase 2: Item Development, Face Validation, and Content Validation
Data analysis for Phase 2 involved the description of the frequency of codes encountered
from Phase 1, sources of literature reviewed, suggested revisions from the content validation
questionnaire, the face validation survey, and establishing the Flesch-Kincaid Reading Level.
For the face validation survey, the 10 Likert-type questions were analyzed. Descriptive
statistics of the data were compared and presented in a bar graph format. Content validation
results were tallied based on the number of recommended revisions and deletions.
Phase 3: Internal Consistency Reliability
To determine the reliability of the measure, internal consistency was analyzed using KR20. As described in Chapter 2, KR-20 can be considered the same a Cronbach’s alpha, and for
the purposes of this study will be considered equivalent. KR-20 values > .70 are desirable, and
are considered the threshold for the reliability of the measure.107 Individual CTC values were
examined, and modification of the domains, measure, and length of the measure were performed
until maximal internal consistency was achieved whilst minimizing the number of items. A
combination of CTC and KR-20 values was used to determine which items best fit into which
domains. The established domains were then used to construct a measure containing the least
number of items while still maintaining high internal consistency. Item difficulty was analyzed
during this phase.
Phase 4: Discriminant Construct Validity
Discriminant construct validation was analyzed using known-groups comparisons. After
both groups (persons with LLL and clinicians) completed the measure, their scores were
analyzed for normality. Based on whether the dataset was normally distributed, the appropriate
parametric or non-parametric test was chosen. Correlations and potential covariates were
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explored during this phase, specifically educational level, years of prosthesis use, and REALMSF scores relationship with the overall score on the measure. If relationships were found to exist,
an Analysis of Covariance (ANCOVA) would be performed if applicable. Alpha was set at .05,
beta at .20, and the hypothesis was two-tailed.

Recruitment of Participants: Procedures
Phase 1: Needs Assessment
Prosthetic users were recruited through an approved announcement on the Amputee
Coalition (AC) website that contained the researchers email address. Clinicians were recruited
through a local network of practitioners and clinical partnerships who have been working with
persons with LLL.
Phases 2-4
The AC National Conference served as the primary recruitment venue for Phases 2-4.
The annual conference is held in a unique geographic location, hosting a combination of persons
with limb loss, academics, industry professionals, and clinicians. Recruitment efforts were in
accordance to the approved ethical approval and the hosting organization’s rules. A table was set
up in the exhibition hall and participants would approach the booth if they were interested in the
study.

Sample Size Estimate
Phase 1: Needs Assessment
A sample size of 20-25 was pre-determined for the phase’s dual purpose. The number of
participants was estimated to be as follows:
10 prosthetic users.
Clinicians
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o 5 prosthetists
o 5 physical therapists
This sample size allowed for data saturation to occur and followed established sample
sizes presented in the literature.108 The greater number of prosthetic users reflected the expected
heterogeneity of this group of participants in comparison to the clinicians. This is based on the
relatively controlled education that clinicians receive as graduates from formal training
programs, whereas prosthetic users may have received their education from a variety of
resources. While a larger sample of prosthetic users may have allowed for greater diversity in
age, years of experience, and education level, delimitations of this study prevented a larger
sample from being recruited.
Phase 2: Item Development, Face Validation, and Content Validation
A sample of 30 participants was estimated to be recruited for both the content and face
validation. The split between participants were estimated as follows:
20 persons with LLL
Clinicians:
o 5 prosthetists
o 5 physical therapists
This sample size exceeds what has been done in similar studies for content and face
validation.15,16,52 The greater emphasis on recruiting persons with LLL is that they are the
primary target of the S.M.A.R.T. measure, therefore their feedback is critical in determining the
ease of use, perceived value, and benefit to an person with LLL.
Additionally, it was expected that more individuals would participate in the face
validation survey as compared to the content validation portion, based on the needed time
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investment. Completion of the content validation survey took approximately 20-30 minutes to
complete as compared to face validation only, which took 10-15 minutes to complete.
Phases 3 & 4
Since the measure was developed and validated for this dissertation study, it was not
possible to use existing data to perform a sample size estimation. However, certain inferences
were made that allowed for an estimation. Using G-Power v3.1.9.2, a total sample size of 54 was
determined to demonstrate differences between groups. Alpha was set to .5, Beta .1, and the
mean score on the S.M.A.R.T. was estimated to be 57/59 for the clinicians, and 55/59 for the
persons with LLL. Standard deviations were estimated to be 1 and 2 respectively. The estimated
means and standard deviations were based upon performance during the pilot study, and clinical
experience.
It was estimated that the clinicians would likely score very close to 59 given the
relatively rudimentary nature of the questions. In order not to underestimate the sample size, a
conservative value of 55/59 was estimated for the persons with LLL. This conservative value
was based on the heterogeneity of the group as compared to the likely homogeneity of the
clinicians. The standard deviations were maintained close to the mean in order to prevent
underestimation of the sample. Given the possibility of error in the estimation, the recruitment
pool was increased to 80 (40 in each group (persons with LLL and clinicians)) to reduce the
possibility of type II error.

Threats to Internal Validity
Phase 1: Needs Assessment
Recall bias may have influenced the results from this phase due to the long amount of
time that had passed for some prosthetic users from their initial amputation. Some long-term
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prosthetic users will not necessarily recall the intricacies of self-management to the same degree
as a newer prosthetic user. This may be due to many of the skills and behaviors necessary for
self-management that may be embodied in the prosthetic user’s daily routine. Conversely, the
newer prosthetic user will not have the experience of the long-term user. As such, the newer user
may not understand the necessary elements to successfully self-manage. In order to reduce the
influence of recall bias, a heterogeneous group of participants was sought, in order to reflect
understanding across the spectrum of prosthesis wearing.
Another threat to Phase 1 was the sampling bias created from recruiting through the AC.
While the AC is an inclusive organization, the individuals that may choose to participate in
research projects may not be representative of all persons with LLL. However, the threat of
sample bias is partially counteracted with triangulation of data from sources outside of the AC.
Regarding the qualitative analysis, researcher bias may have been a threat. Given the
principal investigator of his study has extensive experience with the limb loss population, they
may have had preconceived notations about self-management that might have influenced the
interpretation of the results. While code auditing, member checking, use of extensive narrative
from multiple participant’s perspectives, and collaborative data analysis was utilized to reduce
bias, these techniques can only mitigate bias, rather than eliminate bias.
Phases 2-4
The threat of sample bias was again a concern given that recruitment for Phases 2-4
occurred at the AC National Conference. In order to combat this threat, the sample size recruited
was increased to nearly double that of the initial sample size estimates, as a greater sample size
increased the likelihood of a more diverse and representative population sample. While excess
sample recruitment has its own downside,109 it was believed that the larger sample size than
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estimated would facilitate the recruitment of a heterogeneous sample and increase the likelihood
of achieving a more normal data distribution.
Recall bias was also a threat in Phases 2-4. Given that some individuals may not have had
recent experience with certain items on the measure, their response may be influenced by
attempting to guess or postulate on what the correct response is. However, this again was
believed to be counteracted with a larger sample of persons with LLL.
The environment was also of concern, as the participants were typically very limited in
the times they could participate in the study, and the area where the participants completed the
study was in a busy, noisy area. Since loud noise could be distracting to a participant, this may
have impacted their ability to focus on completing the measure. Seating was also very limited
and given the large proportion of individuals requiring a seat, this may have impacted a potential
participant’s ability to complete the S.M.A.R.T. measure, causing them to rush to complete the
items. This was a delimitation of collecting data at the AC National Conference, however, given
the fact that there are no other national conferences specific to the limb loss population in the
United States of the same magnitude as the AC National conference, it was determined that data
collection would still need to occur. If possible, participants utilized available seating and quiet
areas of the conference hall and exhibit area to complete the materials.

Threats to External Validity
Generalizability is limited to persons with LLL primarily at the transfemoral and
transtibial levels. However, given the relatively small sample size, external validation will
remain limited. Additionally, the demographic characteristics are representative of the
participants who attended the AC National Conference, and participants attending may have had
have a geographical relationship associated with the location of the conference. Conference
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participants may also not have the same demographic characteristics (age, sex, limb loss level,
limb loss etiology, prosthesis type) as the general limb loss population. These limitations were
partially addressed by increasing the number of recruited participants in order to have a sample
that was reflective of the population of typical persons with LLL as established by the
literature.110,111

Funding
There was no external source of funding for this dissertation study.

Summary
The methods utilized in this study were based upon extant literature, classical test theory,
and best practices established by other knowledge assessment measures. Data analyses followed
prescribed protocols for determining the validity and reliability of self-report outcome measures.
Threats to internal and external validity were minimized through compensatory recruitment.
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Chapter 4: Results
Introduction to the Chapter
This chapter presents the results of the four phases of the dissertation study. Each phase
is presented sequentially, culminating in the results of all the phases considered holistically.
Phase 1 data analysis focuses on the qualitative themes developed form the coded transcripts.
Phase 2 reports the codes identified in Phase 1 that were used to generate items for the
S.M.A.R.T., item development statistics, as well as content and face validation results. Phase 3
and 4 report the reliability and validity findings, respectively.

Phase 1: Needs Assessment (Qualitative)
Table 2 shows the demographic variables of participants in Phase 1 interviews.
Table 2: Needs Assessment Participant Demographics
Participants Age (yrs)
Gender Experience (yrs)
(mean±SD)
(mean±SD)
Prosthetic
53.1±10.3 M=4
25.7±21.1
users (n=10)
F=6

Education Etiology

Level

HS=5
BD=2
MD=3

TT=5
TF=5

Prosthetists
(n=7)
Physical
Therapists
(n=6)

MD=1
Cert=6
BD=3
MD=2
DPT=1

CON=3
TRA=4
VAS=2
TUM=1
NA
NA

NA

43.0±8.7
52±8.2

M=5
F=2
F=6

19.0±8.6
28.7±8.4

NA

Note. HS=high school, BD=Bachelor’s Degree, MS=Master’s Degree, Cert= certificate, DPT=Doctor
of Physical Therapy, CON=congenital, TRA=traumatic, VAS=vascular, TUM=tumor, TT=transtibial,
TF=transfemoral
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Theme 1: It is More Than Just a New Leg: Embodying the Duty of Self-Managing
Interviewed prosthetic users and clinicians valued self-management as an important element
required to prevent SMRC. However, interviewed participants also recognized that selfmanagement after limb loss is a demanding new routine that takes accountability, responsibility,
and knowledge to perform skills necessary to the degree of care required. For the purposes of
this theme, responsibility is the state of having to deal with a situation, knowledge is an
understanding of the facts, and accountability can be defined as duty to take responsibility for
one’s action. In this respect, there are three main components that inform this theme: valuing the
importance of self-management, prevention of SMRC’s, and embodiment of responsibility.
This theme is represented succinctly by PW7, who states “My every day is my leg. It is my
leg, it is my responsibility, it is my life.” They go on to say “There [needs to be] accountability
and responsibility, whether it's unfortunate or not, whether you accept it or not, if it’s blessing or
not. You have to be responsible enough to take care of yourself.” There are numerous elements
of importance to this statement: “My every day is my leg” describes the all-encompassing
responsibility of self-management. The participant goes on further to elaborate that the leg is
“my responsibility” and “my life.” The duty to care for his residual limb is expressed as integral
to his well-being, demonstrating his acceptance to take responsibility for managing all aspects of
his amputated limb.
The need to value the duty of self-management is not only expressed by prosthetic users. As
PT1 indicated, a prosthetic user needs to…
Take things seriously. Understanding that yes, you could lose your limb because you have a
skin problem. Ignorance. Just ignoring what healthcare practitioners tell you to do and doing
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your own thing. Not managing your diet, non-compliance either with your diet, with your
skin care, with how you use the prosthetic, if you use the prosthetic.
The need for compliance with a self-management routine is bolstered by PO4, who explains,
“It isn’t the prosthesis that makes or breaks your success,” but rather the “compliance with the
instructions you are given.” These narratives express how those with LLL value selfmanagement and project a willingness to maintain a given preventive routine, despite how
challenging it may be as part of their daily life.
Challenging appears to be an apt expression to describe the self-management routine as
explained by PW5…
I view it as being able to clean and care for the residual limb, being able to don and doff the
prosthesis. Being able to know when additional layers of ply need to be added or removed.
Being able to do that on my own as well as recognize any potential signs of skin breakdown,
as well as recognizing signs that something is not right with the socket or the layers or the
actual prosthetic device itself.
This routine described by PW5 demonstrates how involved self-management activities can
be, replete with problem-solving and decision making. Given the tasks required, it is
understandable why embodying the responsibilities of self-management can be considered a
challenging task by some prosthetic users.
This need to embody these new responsibilities of self-managing was represented by others
interviewed, with PW4 stating “It is just a new thing you have to do. You have to keep an eye on
it [the residual limb].” The recognition that self-management is a new thing, or a novel routine,
which needs to be embodied by the prosthetic user may be an important component of selfmanaging after LLL. This concept clarifies how persons with LLL may consider the prosthesis to
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be the only new addition to their lives, but there also comes a realization that there is a
responsibility to self-manage the residual limb and thus, it is more than just a “new leg.”
The need to be accountable for self-management of the post amputation experience is
emphasized by PO4, “It is not the leg, it’s you. You are the one who really makes it work.” And
this new responsibility is not temporary, nor short term, as PW7 goes on to explain, “It's
different, it's not going to leave. If you're a new prosthetic user it's not going to be what you are
used to every day.” This narrative reflects the change in routine that needs to be accepted and
embodied, permanently, in order to make changes necessary for success following lower limb
amputation.
Preventing unwanted SMRC’s is explained by those interviewed as an important indicator of
how successful they are at taking responsibility for self-managing their residual limb. As PW2
described, failing to self-manage can lead to “not being able to wear the leg [prosthesis],”
resulting in “not being able to get around.” Further described by PT2, “It is very important [selfmanagement]. If things do not go right there, then it impedes progress. Otherwise they are going
to put the prosthesis in the corner and just not wear it.” According to these participants, non-use
of the prosthesis is an undesirable consequence, and so, a person with LLL must be responsible
and accountable for effectively self-managing if they expect to be able to utilize their prosthesis.
An essential element to effective self-management is recognition of the value a routine plays
in preventing complications. A universal thought by the prosthetic users was clearly stated by
PT3, who described self-management as “On top of the list. It is very important, otherwise if
they cannot do any of those things [self-management] then they cannot be independent with the
prosthesis.” They go on further to state that prosthetic users are “likely to get skin breakdown
and not be able to wear the prosthesis. We can fit a leg on anybody. It is really up to you
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[prosthetic user] and your ability to stay committed to the process.” This commitment means
adapting hygiene behaviors, like cleaning the residual limb and liners, and making decisions
about self-management behaviors. However, this is not always a common routine for all persons
with LLL. As PO7 identified, some individuals do not value the act of self-management, stating
that “they treat their prosthesis like they treat their shoes and clothes.” The narrative from PO7
describes how some individuals may not see the value of self-management as integral to
functional use of the prosthesis.
The importance of valuing and embodying self-management isn’t just restricted to care of
the residual limb and prosthesis. It expands beyond these elements to encompass the person as a
whole, bringing attention to certain elements of self-managing that go beyond the prosthesis and
the limb itself. An interesting and unexpected finding was expressed by one of the female
prosthetic users, who remarked that “they [prosthetic users] need to be aware of their monthly
cycle” as it can “impact how the leg fits.” There is little in the current literature about the impact
of limb amputation on a woman’s menstrual cycle, however this observation from a female
participant brings attention to differences in self-management between men and women and can
serve to inform future revisions of the S.M.A.R.T. to be gender responsive.
In summary, if one values and embodies the duty of self-management, it opens a level of
trust in one’s self, or as a clinician would view it, promotes autonomy. As PT1 stated, “I think
it's one of the most important things, being able to not rely on a clinician to be like 'hey that's
looking a little red' or 'you need to add on a sock' or something. Having that self-awareness and
being able to do that self-management is one of the most important roles that a person has that
has undergone limb loss.”
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Theme 2: The Vigilant and Persevering Self-Advocate
The interplay between vigilant self-awareness and self-advocacy working in synergy to
promote effective self-management is described by both clinicians and prosthetic users. This
theme represents courage, tenacity, patience, and a commitment to protecting one’s self from
developing SMRC’s.
The vigilance required to prevent SMRC’s is expressed by PW8, “You have to be very,
very aware of every single mark on your limb” and not let anything “fester” and “get to the point
where it cannot be healed.” The need for early recognition of signs and symptoms of potential
complications to be identified early and intervened upon is expressed by PW10, explaining
“Your residual limb, you have to just take care of it, pay attention, see the signs, and figure out
why if you're walking funny or it feels like it's not right, then it probably isn't right. You have to
pay attention to that.” The commitment to ongoing vigilance is perceived as necessary to
recognize that there may be an issue needing immediate attention.
Attention to what the person with LLL physically feels regarding their body and the
recognition as to whether the sensation or symptom is normal or not, is integral to the process of
effectively self-managing. The need for vigilance is reinforced by PW9, who states “Sores can
come out of nowhere. Today you are walking fine, feeling fine…then you wake up the next
morning and guess what? You have a boo-boo.” Because complications can arise at any time,
vigilant self-awareness is needed to identify an issue early, so that it can be managed
appropriately.
The need for vigilance was emphasized by clinicians as well, including PO5 who
explained …
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If the limb is changing; that we are catching that at the right time and we are not allowing
2 hours to go by while we are walking out on a bottom out limb. So often times, people
will say to me, you know I did feel a little bit like it was bothering me a little bit and then
by the time I got home you know I had a great big red mark. Well we need to teach our
patients to identify that when it starts bothering, however that may be, whether it’s
perceived change in height, an inability to flex the knee, or a patella height issue.
Whatever they are using that is the identifying factor, that is the moment we stop and
making a change we don’t allow days or hours to go by.
The urgency of identifying an issue and responding in a timely manner was supported by
PT5, who stated “We need to teach our patients to identify that when it [the limb] starts to
become bothersome” that “we stop make a change and not let days or hours go by.” This
reinforces how a person with LLL should intervene in a timely manner, and not ignore warning
signs. when they detect a problem. PT6 goes further, stating “if something is uncomfortable
[when wearing the prosthesis],” those with LLL should “take the liner and socket off and take a
look. It is probably what I try and drill in the most, just being aware.”
Self-advocacy, or the act of representing one’s personal interests, was identified by many
participants as a critical component of vigilant self-management, and also one that was
potentially uncomfortable to perform. For these participants, it is important for the person with
LLL to self-advocate without fear of reprisal, or concern about being burdensome to their
healthcare team.
From the perspective of the prosthetic user, the concern about being burdensome to
others is relayed by PW7, who describes: “Having had the issue of not wanting to put the burden
on a prosthetist, but it is really important to know what is good for you because it is your life and
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it needs to be taken care of.” It appears from PW7’s comment, that it is not always comfortable
to reach out to the healthcare practitioner, especially when it becomes frequent. This was the
case with PW4, who shared how difficult, even frustrating, it can be to ensure their voices are
heard while adapting to the prosthesis…
Make sure [the prosthesis] fits well. If something is wrong call your prosthetist and make
an appointment. I was in there a lot, and they kept working and working on it. I did get
frustrated, but you have to keep going.
The ability of the prosthetic user to self-advocate can impact the fit and function of the
prosthesis and should be encouraged despite how uncomfortable or frustrated the prosthetic user
may feel in communicating their needs. This was corroborated by PW11, who indicated, “If you
cannot learn to self-manage” you would have difficulty being able to “stand up for yourself when
something wasn’t working right.”
The need to self-advocate was echoed by other prosthetic users, who noted that courage
was needed to do so effectively. It can be an uncomfortable step for some that feel like they are
“bothersome”, but as PW11 states, “I challenged my prosthetist a few times. I would challenge
him on what I thought was right or wrong. Sometimes he was right, sometimes I was right, but I
still challenged him though. And I didn’t have a problem doing that.” While assertiveness is a
component of self-advocacy, the take home from these prosthetic users is that it is sometimes
necessary for the prosthetic user to challenge their clinicians in a respectful manner, if only to
better understand the clinician’s decision.
Not surprisingly, clinicians supported and promoted open and frequent dialogue between
themselves and the prosthetic users. Explained by PO3, an open dialogue with his clients was
encouraged: “Don’t torture yourself. If there is a problem, take it off and call us. People
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sometimes will continue to force themselves in a situation that causes more damage when they
can just take off the leg and call us!” This was further reinforced by PO6 explaining “The best
piece of advice I tell a new prosthetic user is to not be afraid to tell their clinician that they feel
like something is wrong. I feel like a lot of people are embarrassed or they feel badly that they
keep calling the prosthetist, but I think it is the best piece of advice I can give my patients. Call if
it’s bothering you.” This encouragement from the perspective of healthcare practitioners is
refreshingly direct, supporting the need for the person with LLL to advocate for themselves and
challenge their providers without fear of being a burden. This is described by PT5, who states
“…don’t ever think you are calling too much or that you are asking for too many things.”
Concluding the exploration of Theme 2, a narrative by PW2 sums up the importance of
vigilant awareness and self-advocacy by stating “The worst thing you can do is just let it go.
Then you're going to have problems.” These problems can be as serious as a loss of the limb, as
PW8 describes how a “tiny red dot” on their residual limb became “bigger and bigger until it
opened up and started oozing.” That spurred PW8 to seek assistance from a healthcare provider,
who is credited by PW8 as “saving my leg.” In other words, if you see something, say
something.
Theme 3: The Good, Bad, and the Ugly: Effective Self-Management is a Process That
Relies on Patience, Education, Support, and Realistic Expectation Setting
While self-management education is a typical component of many long-term health
conditions, persons with LLL seem to benefit from a form of education and support unique to
prosthetic users as described by those interviewed. Specifically, the intricacies and nuances of
the more mundane elements of self-management appear to be a component of this education,
with a focus on how to perform limb and liner hygiene, skin assessments, and to monitor for
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signs of infection. There also appears to be a need for foundational knowledge that includes
normal versus abnormal recovery. Such a foundation allows the person with LLL to make
decisions and solve problems related to self-management. Incidental to this education are
expectations, described by both clinicians and prosthetic users, which when set realistically
allows the person with LLL to effectively participate in the self-management process.
The intricacies and nuances of the self-management routine are described by PW10,
elaborating that…
You got to be able to know how the system works. Like how the liner interacts with the
socket, and how the liner interacts with your skin. Like you can't have any wrinkles in it
because that will wear on your skin and create a hotspot. You have to keep it clean,
obviously, because you're going to sweat in it. You got to wash that thing, like in the
morning before I put it on I wash it, and when I get home from work I might take it off
and clean everything up if it was a really hot day, because you sweat a lot in those things.
The selection of the right cleanser can be an issue, as described by PW5 who reported
that “Being able to use appropriate cleaners as well as recognizing inappropriate cleaners” is a
component of self-managing the residual limb and liners. As PW10 describes, if the selfmanagement routine is not performed, complications may arise. These complications can be
more than just physical, but emotional in nature.
If you let it go to where you are getting loose or an ill-fit or skin abrasions or swelling or
anything like that, it just a downward spiral from there because you get into a mental
state where... You're putting yourself down because of the pain. You just get in a bad
mood or a bad place because you're feeling worse about everything, whereas if it fits
good you don't even notice it during the day.
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This narrative by PW10 described how ignoring issues can result in negative outcomes,
specifically a decrease in quality of life. The emotions associated with negative outcomes of poor
self-management portrayed by PW10 also helps to define why effective self-management is so
important from a physical and emotional perspective.
Beyond managing cleansers, components, and liners, there are other elements of
education that were important to those interviewed, as it allows the prosthetic user to become
more active in the process of self-management. As PW5 explains, “It would be helpful to be
educated on the stages of healing. With an amputation, not only skin healing but also
muscle/tissue/bone…to know if what you are going through is part of the healing process or
something different.” Knowledge of expectations provides the prosthetic user a greater
understanding of the self-management process, providing a foundation that enhances their ability
to be part of that process in becoming an effective advocate for themselves.
With a strong educational framework, the person with LLL can develop a better
understanding of realistic expectations associated with self-management. Once those
expectations are set , participants noted they also must exert the requisite patience needed to
develop competence in self-managing. Described by PW7, a person with LLL needs to “Be able
to be patient. You have to be able to be patient. You are not going to heal overnight.” This is
reinforced by PW3, who explains how…
Alignment can be very tricky to understand as an amputee, I think honestly it's sometimes
best in those situations to leave it up to the prosthetist and just wait and try... Some
people play with wedges in their shoes to try to compensate. And just don't mess with
that, I was one of those people, so it's best to just go to the prosthetist and get him to
fiddle with it.
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The emphasis on realistic expectations, and its relationship to emotional well-being, is
integral to the self-management process according to PO6, who noted …
If you can manage their (prosthetic users) expectations in the beginning, like here's what
you're going to expect: you're going to have some good days and some bad days in the
beginning the bad days are a natural part of this process, do not let them get to you, do
not let them get you down, understand that you will have them and they will be there and
there are some days you are just going to put it on the side and let it go for another day
when you're a little less frustrated, and we're going to work through these problems
together, but they are going to be there.
This narrative is echoed by PO1, who explained …
It just comes down to managing their expectations. I would try to avoid them having too
much expectation of what's going to happen in the next day and week. It has to be a slow
process to-- It's learning a whole new skill because we're concerned with the health of the
limb, the continued healing of the limb, the fit of the socket, and increasing the mobility,
all at the same time.
The necessity of prosthetic users to not only receive, but to synthesize and apply relevant
education is exemplified by PO5’s comments regarding hygiene. During a clinical visit, PO5
notes asking a person with LLL how they were washing the residual limb and liners. The
response to the clinician’ question was, “What do you mean what am I washing it with?” The
surprised prosthetist described, “It blows my mind. You know his wife has his leg out in the
garage, not letting him bring the leg in the house because of its smell. I mean that's a pretty
common thing.” Perhaps most concerning to the prosthetist, was that the person with LLL had
been using a prosthesis for the last 8 years, which didn’t necessarily translate to acquiring better
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hygiene over time. While this incident may not be representative of most with LLL, it may help
to explain how difficult self-management may be for some, regardless of whether they have
received education on proper self-management.
While having knowledge is integral to effective self-management, so is the understanding
of when something is abnormal. This includes identifying and communicating potential SMRC’s
before they occur. As PW9 stated, “You have to make sure you know your pressure zones.
Because there will be some. And you have to be able to tell the prosthetist what needs to be done
and where and sometimes how.” This is different than self-advocacy discussed in theme 2 in that
PW2 expresses how a combination of knowledge of normal versus abnormal contributes to a
meaningful discourse with the clinician charged with the care of the person with LLL. This
sentiment is reinforced by PW6, stating that “Any sort of vocabulary one develops in trying to
communicate issues with fit or physical sensations of the skin [is important]. You really have to
sit with yourself to be able to identify what that is and communicate it.” Thus, without the
requisite knowledge, patience, and the ability to apply the knowledge and advocate for one’s
self, one may not be able to successfully self- manage.
Frustration and/or impatience might be expected and may ultimately support the sometimeslengthy education process required to effectively self-manage. Unfortunately, patience and
frustration can be at odds, especially when a person with LLL is overwhelmed with the challenge
of a new, often complex situation. As PO6 explains…
For a lot of patients, especially in the beginning their frustration level can get pretty high.
They're already working with something that they kind of inherently don't trust and don't
understand, and they don't have any experience with as a consumer, the prosthesis. And
so a lot of the times both the frustration and the rejection rate can be pretty high in the
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beginning if something isn't comfortable or if it doesn't feel safe. So a willingness to
spend some time, instead of getting frustrated, and putting it on the side, to spend some
time to do the homework to communicate with their prosthetist where, you know... I
added this many socks and it felt better and I added this many socks and it felt worse,
when I did this it felt a little too tall, when I did it the other way I got all the pain at the
bottom end of my prosthesis. So it's the kind of things about going through the process of
figuring out what works for them and what doesn't work for them and, 1) they'll be able
to self-manage better, and 2) they will be able to communicate with their prosthetist
better about what works and doesn't work for them.
This narrative from PO6 draws attention to the lengthy process needed to effectively selfmanage and the need for the person with LLL to be patient in order to develop a skillset to be
effective.
The fit of the socket was a frustration voiced by others, including PW5, who explained “I
did not know how much of an issue the socket was going to be as far as fitting and knowing how
it was supposed to feel when it fits [correctly].” In order to mitigate frustrations, support
networks can facilitate the process of educating, expectation setting, and defining what is
considered normal. Certain participants described how their peer visitations, when a person with
LLL visits another person with LLL, can be helpful in the process.
Described by PO3, it’s about how “Amputees will get some sort of peer visitation from
somebody who has gone through it. This helps hammer home any kind of any other points from
a perspective that might be more relatable for them.” The importance of making the education
relatable is key to help the person with LLL accept responsibilities and set reasonable
expectations. This was supported by PO4, who described how “We get them involved with peer
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visitation… on day one of the amputation all the way to the first fitting.” The rationale for this
visitation was described as a way to give the person with LLL a “general sense” of the
expectations and realities of life without limb.
However, peer visitation was not always beneficial for those receiving it, even though
they valued the experience. As PW9 described…
It would be nice or beneficial to have access to other amputees to help educate you, to
help you understand what's acceptable when you can't reach your surgeon or you can't reach your
prosthetist, or you don't feel it's important enough to bother them. You feel like you're bothering
them a lot, and so while there may be networking and support groups out there, I think that
sometimes our prosthetists or our doctors may be aware of other individuals who resemble us a
little bit better. For instance, when I called and I specifically asked for a female mom that I
would like to meet, if possible a law enforcement officer, I got a retired gentleman who called
me and it sounded like he had been retired for quite a while. And that was not helpful.
For one prosthetic user, the peer visit was not helpful because they were seeking someone
relatable to them. The lack of relatability left PW9 with a sense of isolation, ultimately
diametrically opposed to the desired outcome. Therefore, a consideration for peer visitation
might be to verify if the peer visitor is truly a peer, rather than peer-esque.
Other support experiences may not be beneficial, as there can be discrepancies in
education and knowledge base. For example, PW3 noted that in the beginning, they “Took for
granted that I know all the little tricks.” When PW 3 ultimately joined an online support group
she found newer prosthetic users “writing in questions that I think are fairly silly.” She went on
to say that it could be that “maybe they weren’t educated,” and that “They will show a picture of
their leg with a huge sore on it and they have been walking around on it. They are asking other
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amputees what they should do about it.” While this observation sheds light on a potential issue in
the support community, it should not be interpreted as the norm. However, it does call attention
to the fact that support networks are a form of education for persons with LLL, and for some
may be the primary method of receiving self-management knowledge, regardless of whether the
‘fit’ between parties is align.
Clinicians were varied in how they disseminated education. One prosthetist reported
“giving them [prosthetic users] a sheet called ‘You and your new prosthesis’ that outlines
hygiene, sock wear, and wearing schedule,” while another prosthetist reported “most handouts
end up in the garbage. I prefer demonstrations.” Regardless of the mechanism of education
delivery, all clinicians interviewed supported the need for repetition, demonstration, and
assessment of self-management abilities as part of the education process. It was indicated by PT1
that the one-on-one time spent with the patient is critical, and it is “not like you are handing them
a pamphlet and telling them to figure it out for themselves.” It was also important to these
participants to recognize that the clinicians did not expect the education process to be a one-time
event, rather a constant component of the clinical framework.
In summary, elements of education establish a foundation for self-managing, which relies
on relevant knowledge, realistic expectations, effective support and patience. Self-management
is a process, at times an emotional one, but nevertheless a progressive journey.
Theme 4: Being a Decision Maker: Knowing When to Hold ‘Em, and When to Fold ‘Em
Vigilance, self-advocacy, value of duty, and education are all important elements of selfmanagement that were discussed in the previous themes. Recall duty is defined as being
accountable and responsible for self-managing. However, one may not be effective at selfmanaging if they are unable to make appropriate decisions.112 The myriad of challenging issues
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that arise on a daily by prosthetic users has been discussed previously. How prosthetic users rely
on decision making to respond to those issues and the challenges they face in determining
appropriate solutions is clearly presented through their narratives. Explained by PT6, there are
many self-management decisions that need to be made daily for a prosthetic user…
How do I put this on? How long do I wear it? What do I do if I have a problem? Many
different types of problems. How do I take care of these liners? How do I go to the
bathroom with the prosthesis? How do I put on these socks? What do I do with these
[socks]? How long do I wear it [prosthesis]?
The challenge of dealing with limb volume fluctuations is explained by PW10, stating…
You have to make sure the fit is correct. You lose volume as the day goes on, so you
might have to put new socks or layers, to make up for the volume you have lost in your
leg. You have to keep an eye on that all day. If your leg loses volume then you start
bouncing up and down in the socket, and that's never fun, it just makes a long day longer.
These on-going decisions, many of which are novel to the person with LLL require
diligent and appropriate decision making to prevent SMRC’s and maximize functional outcomes
or functional use of the prosthesis. This decision-making process is further described by PT1,
who explains how ...
Self-management is being able to don and doff the prosthetic, make decisions you know,
what adjustments do I need and in the case of using a sock or a sleeve. Make decisions
about whether they have a proper fit, and if not, what to do about it. Do I back up, take
the limb off and try it again. Do I call the prosthetist? Know when… Be able to inspect
the residual limb for skin integrity and also the prosthetic to make sure that its working
properly. Obviously, notice if there is any changes in functional mobility skills and what
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might cause them. Yeah, to have a prosthesis device and know how to use it, and when to
seek assistance.
The importance of knowing when to seek assistance is of critical importance, as an
individual who fails to seek assistance may be exposing themselves to SMRC’s. As PT5
described it, “Self-management really is that person being aware of their body and being able to
take the appropriate steps whether it be something they can do themselves or contacting the
appropriate provider to then proceed to the next level.”
These decisions can have serious consequences, as described by PW4: “I look at my leg
and if I see any kind of anything I try to either cover it with moleskin so that it heals on its own,
and if it doesn't heal on its own, like a blister, I immediately call a wound specialist.”
An area of decision making that appears to be an issue for many prosthetic users is the
management of sock-ply. From the perspective of PW3…
As the morning goes on, just double checking as far as, is my leg making any sounds any
noises, do I feel like I'm hitting bottom, and if I am hitting bottom do I need to put
another ply sock on. Or for me, I know that I have too many plys on when I get patellar
tendon pain, there's too much pressure in that area then I need to take a sock off. And
sometimes I might just have to play with the length of the socks. Sometimes I need the
extra plys at the bottom but not necessarily at the top, so I cut a sock in half, things like
that.
The challenge and complexity of determining sock ply is supported by PO1, who explained…
Sock plies. The problem with sock ply is people perceive ill-fitting volume issues
differently. I can't predict how you're going to feel when your limb is minimizing in
volume. I don't know how you're going to perceive that so I can't tell you, "When you
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feel this you're going to get bit. You need to have a sock." That's something that's
difficult.
However, participants perceived decision making went beyond just the residual limb and
prosthesis. An interesting finding from PW6 was the emphasis on diet as part of selfmanagement, and the need to adapt one’s lifestyle after LLL. In explaining the role of diet, PW6
described how “you ate all these foods up until you lost your leg,” but now it is necessary to “be
cognizant of weight gain and salt intake. This issue of proper nutrition was also relayed by PT1,
who explained that “not managing your diet” can result in complications, and that “it is
important for the person with LLL to comply with what healthcare practitioners tell you to do,
and (as opposed to) just doing your own thing.” Thus, according to these participants, being
responsible for self-management includes dietary concerns, weight management, and
compliance.
These participants described the often complex, challenging decisions and problems they
face in working towards successful self-management. Comments from PO5 summarized the
importance of being able to make informed decisions, “The ability of the patient to recognize
problems, determine successful self-management solutions, and implement them…” as it relates
to avoiding SMRC’s.

Phase 2: Item Development, Face Validation, and Content Validation
Development: Code Frequency from Phase 1
Codes found to be relevant from the interview process were tallied by the principal
investigator by searching the transcripts for key words identified during the qualitative analysis
and literature review (also by the principal investigator) to determine relative frequency of
occurrence in the transcripts. The greater the emphasis by participants on a specific code, the
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more consideration was given towards item representation when developing the S.M.A.R.T.
measure. The top 5 codes represented in the narratives were “skin” (24%), “fit” (17%), “sock”
(16%), “hygiene” (10%), and “pain” (8%). Figure 2 shows the relative frequency of codes
identified that were related to self-management.
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2% 2%

4%
24%
5%

8%

8%
17%

Skin
Fit
Sock
Hygiene
Pain
Breakdown
Inspect
Donning
Doffing
Wound
Sore

10%

16%

Figure 2. Relative frequency of codes identified from the Phase I needs assessment.

Development: Literature Review
Textbook resources reviewed for self-management related materials are presented in
Table 3.
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Table 3: Textbooks Reviewed for Item Development
Textbook
Atlas of Amputations and
Limb Deficiencies

Author
Douglas A.
Smith

Publisher
American
Academy of
Orthopaedic
Surgeons
Demos Medical

Year
2005

ISBN
0892033134

Fundamentals of
Amputation Care and
Prosthetics
Orthotics and Prosthetics
in Rehabilitation
Prosthetics & Orthotics in
Clinical Practice: A Case
Study Approach
Prosthetics and Orthotics:
lower limb and spine

Douglas
Murphy

2013

1936287706

Michelle
Lusardi
Bella May

Elsevier

2012

9780323291347

F.A. Davis

2011

0803622570

Ron Seymour

Lippincott

2002

0781728541

Development: First Draft
A draft of the S.M.A.R.T. was created consisting of 59 “Yes,” “No,” or “I Don’t Know”
items consisting of two domains and multiple sub-domains. Domains and sub-domains and items
were created from the extracted codes, pilot measure results,23 literature review, and clinical
expertise. The two domains were hygiene and problem solving to prevent complication (PSPC).
The item representation was in an approximately 1:2 ratio of hygiene to PSPC, as there was a
greater amount of represented codes in the second domain. The accompanying answer key for
each item was then drafted by the principal investigator, based on the above-mentioned literature
review, to formulate the TEI. Table 4 shows the number of items represented by each domain.
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Table 4: Domains and Sub-domains for Draft S.M.A.R.T.
Domain
Hygiene

Problem solving to prevent
complications

Sub-domain
Residual limb cleaning
Liner cleaning
Liner drying
Skin care
Sock ply management
Donning
Doffing
Volume fluctuation management
Skin inspection
Normal vs abnormal recognition
Awareness
Intervention
Red flag identification

Frequency of Items
20

39

The reading level of the draft measure was analyzed using Microsoft Word’s (Redmond,
WA) built-in analysis software. Analysis revealed a Flesch-Kincaid Reading level of 6.2,
indicating the measure was written at a 6th grade reading level. The layout and reading level were
consistent with guideline recommendations for medical literature.64,113
Face Validation
Results of the face validity questionnaire yielded grossly positive results, with average
score for each survey question surpassing the pre-established 80% threshold. The total average
across all 10 5-point Likert-type questions was 4.49±.15/5.0 (90%). This translates to
stakeholders either agreeing or strongly agreeing that the S.M.A.R.T. has high readability,
perceived usefulness, and value for both new and experienced prosthetic users. However, scores
were greatest for the newer prosthetic users, which supports the purpose of this measure as an
early way to detect knowledge gaps before a SMRC can occur. Participant demographic
variables are presented in Table 5, while the face validation questionnaire and individual results
are presented in Table 6 and Figure 3.
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Table 5: Face Validity Participant Demographics
Participant

Age (yrs)
(mean±SD)

Gender

PwLLL
(n=26)

54.6±13.9

M=11
F=15

Education

Experience
(months)
(mean±SD)
118.8±116.3

Amputation
Level

Amputation
Etiology

HS=2
TT=13
TRA=11
SC=11
TF=11
NON =15
CG=5
Other=2
GS=8
PO
39.1±10.4
M=6
Cert.=3
184.3±173.9
NA
NA
(n=7)
F=1
MD=4
PT
36.9±10.5
M=2
BD=5
130.2±124.3
NA
NA
(n=25)
F=23
MD/DPT=20
Note. PwLL=person with lower limb loss, PO=prosthetist, PT=physical therapist, HS=high school, SC=some
college, CG=college graduate, GS=graduate school, Cert=certificate, MD=Master’s Degree, BD=Bachelor’s
Degree, MD/DPT=Master’s Degree or Doctor of Physical Therapy, TT=transtibial, TF=transfemoral,
TRA=traumatic, NON=non-traumatic

5
4.9
4.8
4.7

Mean Score

4.6
4.5
4.4
4.3
4.2
4.1
4
3.9
3.8
1

2

3

4

5

6

Question

Figure 3. Results of face validation questionnaire.
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8

9

10
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Table 6: Face Validation Questionnaire
#

Question

1

The assessment is organized in a clear manner?

Results
(mean±SD)
4.29± .82

2

The assessment uses language that was easy to understand?

4.40±.65

3

The assessment had easy to understand answers to the
questions?
The assessment had factually correct answers to the questions?

4.33±.71

The assessment can help a person with limb loss communicate
issues to a prosthetist?
The assessment can identify knowledge gaps in a person with
limb loss?
The assessment could be used to evaluate a person with lower
limb loss who has issues with their residual limb skin integrity?
The assessment would be valuable to be completed by a new
prosthetic user (less than 3 months of wearing?
The assessment would be valuable to be completed by a person
with lower limb loss before they received their prosthesis?
The assessment would be valuable to be completed by an
experienced prosthetic user who is experiencing issues with
their limb?

4.57±.65

4
5
6
7
8
9
10

4.41±.56

4.66±.51
4.47±.68
4.72±.49
4.61±.64
4.40±.72

Content Validation
Thirty-three of the participants who completed the face validation survey also
participated in the content validation. Demographics of participants are described in Table 7. Of
the 59 items reviewed by the participants, seven were marked for deletion while 34 were marked
for revision. Follow-up interviews revealed a combination of grammatical, contextual, and
situational reasons for items to be revised or deleted. Each recommended revision and deletion
were considered by the principal investigator through a process of pooling the feedback per item
or answer, then making modifications as appropriate. While many revisions were grammatical in
nature, some were contextual, and the intent of the question was accordingly revised by the
principal investigator and a member of the dissertation committee (RG).
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Nearly all recommended revisions were implemented to the extent necessary to improve
the flow and function of the measure, while none of the suggested deletions occurred. The
rationale provided by participants recommending deletions was primarily based on personal
beliefs or situational episodes, therefore not necessarily universal in nature. However, all
participant recommended deletions were reviewed and modified as appropriate by the principal
investigator and a member of the dissertation committee (RG).
Table 7: Content Validation Participant Demographics
Participants Age
Gender
(mean±SD)

Education

PwLLL
(n=26)

54.6±13.9

M=11
F=15

PO
(n=4)
PT
(n=3)

44.0±12.9

M=3
F=1
F=3

HS=2
SC=11
CG=5
GS=8
MS=4

44.0±13.0

BS=1
MS/DPT=2

Experience
(months)
(mean±SD)
118.8±116.3

Amputation Amputation
Level
Etiology
TT=13
TF=11
Other=2

TRA=11
NON=15

270 ±212.2

NA

NA

204.0±220.6

NA

NA

Note. PwLL=person with lower limb loss, PO=prosthetist, PT=physical therapist, HS=high school,
SC=some college, CG=college graduate, GS=graduate school, Cert=certificate, MD=Master’s Degree,
BD=Bachelor’s Degree, MD/DPT=Master’s Degree or Doctor of Physical Therapy, TT=transtibial,
TF=transfemoral, TRA=traumatic, NON=non-traumatic

Revision of Draft
Following the content and face validation, the measure was revised to incorporate
suggested changes and modifications. One question was added to the PSPC domain, based on
feedback, for a total of 60-items. There were no significant changes in reading level or layout.
The domains remained the same for the 60-item S.M.A.R.T., however, the distribution
changed slightly based on feedback from content and face validation. Table 8 shows the
breakdown, as well as the specific items housed in each domain.
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Table 8: Domains and Sub-domains for 60-item S.M.A.R.T.
Domain
Item
Specific Item Number on Measure
Frequency
Hygiene
17
1,2,3,4,9,11,14,20,23,33,34,35,36,37,38,45,46
Problem solving 43
5,6,7,8,10,12,13,15,16,17,18,19,21,22,24,45,46,27,28,29,30,
to prevent
31,32,39,40,41,42,43,44,47,48,49,50,51,52,53,54,55,56,57,5
complications
8,59,60

Phase 3: Internal Consistency Reliability
Internal consistency of the 60-item S.M.A.R.T. was found to be KR-20=.72 across all
domains. KR-20 values of > .70 are considered good.76 The average corrected item-total
correlations were Rs=.17±.16 for all 60 items, with individual items ranging from -.24 to .43.
Values of <.2 are poor discriminators, while those >.4 are excellent discriminators.76 The mean
item difficulty value for the 60-item S.M.A.R.T. was .67, indicating a moderate difficulty level.
When analyzing by domain, hygiene was found to have a KR-20 value of .54 for all 17items, but when reduced to 9 items the KR-20 value increased to .71, with a Rs range from .18.64. The domain of PSPC was found to be below the .70 threshold, thus further reduction was
necessary. The initial 43 items were reduced to 34, yielding a KR-20 value of .80. Table 9
specifies the items by domain.

Table 9: Items by Domain After Reduction
Domain Number of
Items
items
Hygiene 9
1,2,14,20,33,35,36,37,46

KR-20 Value

PSPC

.80

34

4,5,6,7,10,13,15,16,17,19,21,22
,23,24,25,26,27,28,29,30,31,39,
40,41,42,43,44,47,48,51,54,55,
58,59

Note. KR-20= Kuder-Richardson Formula 20

.71
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Further analysis of the reliability of the 60-item instrument indicated that certain items
were not performing well and required closer inspection. While all items on the measure could
be considered important, reduction of items was necessary to improve the performance and ease
of administering the measure. Utilizing CTC Rs values, items were individually analyzed
independently by the principal investigator, as well as an expert in the content area associated
with this study (RG.) Based on the analysis, four alternative versions of the S.M.A.R.T. were
created.
A 45-item S.M.A.R.T. (S.M.A.R.T. CE (Comprehensive Exam)) was found to have a
KR-20 value of .82, with CTC Rs=.27±.16, ranging from -.06-.54. Item difficulty for the 45-item
version was .70, or moderate. Item 43 (Should I…inspect my skin after removing my
prosthesis?) was the only item found to have a negative Rs value, however it was deemed too
important of a question to remove from the measure and was left in despite its impact on
psychometric properties. The S.M.A.R.T. CE is to be used as the most comprehensive
examination, designed to be integrated along with the following three measures discussed below.
The S.M.A.R.T. CE can be found in Appendix L.
Additionally, a 14-item version of the S.M.A.R.T. was constructed while still maintaining
psychometric integrity and fulfilling the purpose of the measure, albeit only as a screening
measure. The 14-item version (S.M.A.R.T. SCAN) demonstrated good internal consistency of
KR-20=.72, with the average CTC Rs=.36±.10 (range .17-.54). The mean item difficulty value
was .82, indicating a moderate to easy difficulty level. The S.M.A.R.T. SCAN can be found in
Appendix M.
From the items developed that only addressed the residual limb, and not the use of a
prosthesis, the 10-item S.M.A.R.T.-RL was assembled. Internal consistency was KR-20= .70,

65

average CTC Rs= .38±.09 (.23-.54), and an average item difficulty of .66. The S.M.A.R.T.-RL was
designed to function independently for persons with LLL who do not yet have a prosthesis but have a
healed residual limb, as well a second-tier assessment mechanism based on S.M.A.R.T. SCAN responses.
The S.M.A.R.T.-RL can be found in Appendix N.
The final measure assembled from the original 60-item was the S.M.A.R.T.-PR (Prosthesis). This
15-item measure demonstrates a KR-20 value of .81, CTC Rs= 43±.17 (.16-.71), and an item difficulty of
.63. The S.M.A.R.T.-PR is designed to work with the S.M.A.R.T. SCAN, allowing in-depth analysis of
prosthesis-related self-management knowledge. The S.M.A.R.T.-PR may be found in Appendix O.
The intended workflow of how to utilize the various S.M.A.R.T. measures can be found in the
discussion section. The demographics of participants from Phase 3 & 4 are presented respectively

in Tables 10 and 11. A summary of the psychometric properties of all 3 measures can be found
in Table 12.
Table 10: Reliability and Validity: Participant Demographics (Persons with LLL) (n=99)
Characteristic
Value
Age(yrs)
18-25=6
(Range=frequency)
26-35=9
36-45=17
46-55=24
56-65=29
66-75=13
76-85=1
Gender
Male=50
Female=48
Missing=1
Education
High School=17
College Graduate=25
Some College=37
Graduate School=20
Level of Amputation
Transtibial=69
Transfemoral=28
Knee disarticulation=2
Etiology of Amputation
Traumatic= 42
Congenital=3
Cancer=7
Dysvascular=34
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Infection=13
114.1±134

Prosthesis use (months)
(mean±SD)
Daily prosthesis use
(hours) (mean±SD)
Suspension type

13.4±3.4
Suction=64
Pin=24
Lanyard=9
Missing=2
1=1
2=5
3=63
4=29
Missing=1

K-level

Table 11: Reliability and Validity Participant Demographics (Clinicians) (n=41)
Characteristic
Participant

Value
Prosthetist=17
Physical Therapist=24
38.6±10.1
F=24
M=17
BD=8
MD=4
DPT=17
Missing=12

Age(years) (mean±SD)
Gender
Education level

Experience(months)
(mean±SD)

143.8±117.3

Note. BD=Bachelor’s Degree; MD=Master’s Degree; DPT=Doctor of Physical Therapy

Table 12: Psychometric Properties of S.M.A.R.T. Measures
Measure

Items KR-20 Value
.72
.82
.72

CTC(Rs)
[mean±SD (Range)]
.17±.16 (-.24-.43)
.27±.12 (-.06-.54)
.36±.10 (-.17-.54)

Item
Difficulty
.67
.70
.82

S.M.A.R.T.-60
S.M.A.R.T.-CE
S.M.A.R.T.SCAN
S.M.A.R.T.-RL
S.M.A.R.T.-PR

60
45
14
10
15

.70
.81

.38±.09 (.23-.54)
.43±.17 (.16-.71)

.66
.63

Note. KR-20= Kuder-Richardson Formula 20, RL= residual limb, PR= prosthesis
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Figure 4 demonstrates the improvements in CTC in each version of the S.M.A.R.T.

Figure 4. Corrected total-item correlations by measure.

Phase 4: Discriminant Construct Validation
Known groups comparison between clinicians and persons with LLL was used to
determine discriminant construct validity. For all five versions of the S.M.A.R.T., independent ttests were used to compare means. Adjusted alpha was set to .01 to account for multiple
comparisons and 95% confidence intervals were reported. If data found to be non-normally
distributed based on Levene’s statistic, then equal variances not assumed was utilized to
determine significance.
All five versions of the S.M.A.R.T. demonstrated discriminant construct validity, defined
as the ability to identify different groups based on their knowledge level. Table 13 summarizes
data of the t-tests.
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Table 13: Comparison of S.M.A.R.T. Measures (independent t-tests)
Measure
S.M.A.R.T.-60

S.M.A.R.T.-CE

S.M.A.R.T.SCAN
S.M.A.R.T.-RL
S.M.A.R.T.-PR

Group (n)
PwLLL (n=99)

Score (mean±SD)
65.10±12.15

Clinicians (n=41)

80.04±11.74

PwLLL (n=99)

53.56±11.25

Clinicians (n=41)

84.17±12.00

PwLLL (n=99)

83.26±16.20

Clinicians (n=41)
PwLLL (n=99)
Clinicians (n=41)
PwLLL (n=99)
Clinicians (n=41)

91.99±10.97
65.76±22.37
86.83±12.34
63.10±22.64
86.50±11.59

t-value
6.69

Significance
p<.001

14.37

p<.001

3.16

p<.002

7.12

p<.001

8.05

p<.001

Note. PwLLL=person with lower limb loss, RL= residual limb, PR= prosthesis, Alpha
adjusted to .01 due to multiple comparisons.

Figure 5 and 6 reports the distribution of scores on the S.M.A.R.T.-60 for the persons
with LLL and clinicians, respectively.

Figure 5. Histogram of S.M.A.R.T.-60 score distribution (Persons with Lower Limb Loss).
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Figure 6. Histogram of S.M.A.R.T.-60 score distribution (Clinicians).

Distribution of scores on the S.M.A.R.T.-60 by group is visualized in Figure7.

Figure 7. S.M.A.R.T.-60 score distribution by group.
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Figure 8 and 9 reports the distribution of scores on the S.M.A.R.T.-CE for the persons
with LLL and clinicians, respectively.

Figure 8. Histogram of S.M.A.R.T.-CE score distribution (Persons with Lower Limb Loss).

Figure 9. Histogram of S.M.A.R.T.-CE score distribution (Clinicians).
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Distribution of scores on the S.M.A.R.T.-CE by group is visualized in Figure 10.

Figure 10. S.M.A.R.T.-CE score distribution by group.

Figure 11 and 12 reports the distribution of scores on the S.M.A.R.T.-SCAN for the
persons with LLL and clinicians, respectively.

Figure 11. Histogram of S.M.A.R.T.-SCAN score distribution (Persons with Lower Limb Loss).
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Figure 12. Histogram of S.M.A.R.T.-SCAN score distribution (Clinicians).

Distribution of scores on the S.M.A.R.T.-SCAN by group is visualized in Figure
13.

Figure 13. S.M.A.R.T.-SCAN scores by group.
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Figure 14 and 15 reports the distribution of scores on the S.M.A.R.T.-RL for the persons
with LLL and clinicians, respectively.

Figure 14. Histogram of S.M.A.R.T.-RL score distribution (Persons with Lower Limb Loss).

Figure 15. Histogram of S.M.A.R.T.-RL score distribution (Clinicians).
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Distribution of scores on the S.M.A.R.T.-RL by group is visualized in Figure 16.

Figure 16. S.M.A.R.T.-RL scores by group.

Figure 17 and 18 reports the distribution of scores on the S.M.A.R.T.-PR for the persons
with LLL and clinicians, respectively.

Figure 17. Histogram of S.M.A.R.T.-PR score distribution (Persons with Lower Limb Loss).
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Figure 18. Histogram for S.M.A.R.T.-PR score distribution (Clinicians).

Distribution of scores on the S.M.A.R.T.-RL by group is visualized in Figure 19.

Figure 19. S.M.A.R.T.-PR scores by group.
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Data were analyzed both with and without the presence of extreme outliers. Despite the
presence of outliers, comparison of means was significant regardless of their removal. Thus, for
transparency, box plots presented in all associated figures contain all data points.
It was hypothesized a priori that years of prosthetic use may have a relationship with
scores on the S.M.A.R.T.-60 measure. Specifically, the greater the experience with a prosthesis,
the greater the score on the measure. However, no significant relationship was found between
prosthetic use and S.M.A.R.T.-60 scores (r=-.08, p=.45), similar to the results of the pilot
study.23 Figure 14 shows the relationship between experience with a prosthesis and S.M.A.R.T.60 scores.

Figure 20. Relationship of S.M.A.R.T.-60 scores with years of prosthesis use (n=99).

Another potential relationship was analyzed: education level and score on the measure. It
was hypothesized that the higher the educational level, the higher the score on the S.M.A.R.T.
60. No correlation was found between education level and S.M.A.R.T.-60 scores (r=-.08, p=.44).
Figure 15 presents the score distribution based on education level.
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Figure 21. Relationship between the S.M.A.R.T.-60 and level of education.

A priori it was believed that health literacy would be a covariant in the analysis.
However, participant’s scores on the REALM-SF were a mean value of 4.95/5, limiting the
application of the data to further analysis. There is the possibility that regardless of education
level, the participant pool had higher than average health literacy scores. This finding informs the
need to have a health literacy measure with a higher ceiling effect if this covariate of health
literacy is to be studied further.

Summary
The results of each phase of the study are supportive in establishing the overall reliability
and validity of the S.M.A.R.T. measures. The internal consistency of the measures ranged
between KR .70 -.82, establishing fair-to-good reliability. Discriminant construct validity was
found to be statistically significant between the known-groups for all five S.M.A.R.T. measures.
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The reliability analysis resulted in the creation of four additional S.M.A.R.T. measures, a 14 item quick screening version, a 45-item instrument for comprehensive assessment, a 10-item
residual limb only assessment, and a 15-item prosthesis-related assessment. All five versions of
the S.M.A.R.T. have discriminate construct validity.
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Chapter 5: Discussion
Introduction to the Chapter
This chapter will begin with a review of the purposes, aims, and objectives of the
dissertation study. A discussion of the qualitative themes and how qualitative findings influenced
the development of the S.M.A.R.T. measure is presented. Then a focused discussion on the
development, validation and reliability analysis of the S.M.A.R.T. follows. The implications of
this study on clinical practice, academia, future research pathways, and recommendations on
how to effectively implement the S.M.A.R.T. measures are presented. Finally, the limitations,
delimitations, and a comprehensive summary of the chapter are included at the conclusion of this
chapter.

Review of Purposes
The purposes of this dissertation study were to develop and validate a knowledge
assessment measure for use in persons with LLL, as well as describe the experience of persons
with LLL as it relates to self-management.

Specific Aims
1. Describe the experience of self-management from the perspective of prosthetic users.
2. Determine what items should be represented on a knowledge assessment measure
through a needs assessment.
3. Develop an assessment measure of a person’s knowledge of self-management of post
amputation residual limb care along with targeted educational interventions.
4. Determine the internal consistency reliability of the S.M.A.R.T. assessment measure in
persons with LLL.
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5. Determine the discriminant construct validity of the measure.

Objectives
1. The S.M.A.R.T will be reliable based on internal consistency values >.70.
2. The S.M.A.R.T will demonstrate face, content, and discriminant construct validity.
3. The S.M.A.R.T. will be able to discriminate based on knowledge level.

Qualitative Findings
While the purpose of the needs assessment was two-fold: (to describe the experience of
persons with LLL as it relates to self-management, and to establish codes that should be
represented on a knowledge assessment measure), this discussion of the qualitative results will
first focus on the themes that developed regarding self-management as experienced from the
perspective of those living with LLL and from clinicians, including physical therapists and
prosthetists. The results from the participant interviews revealed four prominent themes of
importance to this study. Interpretation of each of the themes are presented individually below,
then synthesized in a summative manner. Afterwards, a discussion of how the qualitative themes
and established codes informed the item development of the S.M.A.R.T. is presented.
Theme 1: It is More Than Just a New Leg: Embodying the Duty of Self-Managing
The first theme represented the need to accept and embody responsibility for selfmanagement. Participants voiced the importance of taking responsibility for self-management,
and an awareness that failure to self-manage can lead to unwanted consequences.
Responsibility was a prominent sub-theme expressed by participants. This appears
relevant to this study, given that responsibility is one of the key components of health
promotion,114 and self-management is a form of self-directed health promotion.115
Responsibility, while crucial for self-management, can be neglected for a litany of reasons,
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including physical limitations, cognitive deficits, and failing to take acceptance.116-118 Despite the
reason for neglecting the responsibility, self-management for chronic conditions is considered an
inevitability, and a need that must be embraced if one wants to prevent future complications.119
From the perspective of prosthetic users, the locus of responsibility to self-manage and
prevent complications arose from within, consistent with the health beliefs theoretical
framework presented in the literature review.119 Noted by PW7, “You have to be responsible
enough to take care of yourself,” emphasizes the internal locus of responsibility driving selfmanagement after the loss of limb. Rather than placing the onus of responsibility on the
prosthetist or medical doctor, PW7 describes, “My every day is my leg. It is my leg, it is my
responsibility, it is my life.” This is supported by the literature, which finds that the embodiment
of responsibility for the self-management routine in persons with limb loss parallels what is
found in other chronic health conditions; it is necessary that one accepts the duty of selfmanaging, and thus motivate themselves, if one is to be effective.120 This is in contrast to only
receiving motivation externally, which has been found to be an ineffective method of selfmanaging.121 To facilitate developing an internal locus of control and motivation in persons with
chronic conditions, clinicians should engage in health coaching behaviors like motivational
interviewing, collaborative goal setting, patient-centered education.122
However, in the best case scenario, there is a combination of internally driven motivation
and acceptance of responsibility, along with external support.119 From the perspective of the
clinicians interviewed, a patient-clinician partnership is strengthened by the interplay between
the internalization of responsibility by the individual with medical needs and the external support
and guidance from the clinician, similar to what is reported in the literature regarding diabetes
management.123

82

It is not surprising that taking responsibility for self-management was determined to be of
great import to those interviewed for this dissertation study, because without proper selfmanagement it is unlikely the person with LLL will effectively sustain long-term use of a
prosthesis.124 Further, failure to take responsibility for self-management predisposes the
individual to many SMRC’s affecting the integument, functional mobility, and quality of life.125127

Considering long term exposure to use of a prosthesis generally places the individual at a

higher risk of developing integumentary and musculoskeletal complications, any effort to
decrease preventable complications should be pursued by the rehabilitation team.21
This draws attention to the issue of compliance and the responsibility to be complaint
with the self-management process. For example, persons with DM must demonstrate compliance
with their self-management routine if they are to avoid potentially life-threatening
complications.128,129 Compliance with the self-management routine was described as a priority
during the interviews by both groups of participants. As PO4 explained, “It isn’t the prosthesis
that makes or breaks your success, [rather the] compliance with the instructions you are given.”
Compliance can be an issue for a multitude of reasons, many outside of the scope of this
dissertation, but relevant to this discussion in that one will likely be more compliant with their
self-management plan if it fits their values.130 Therefore, if an individual is expected to be
compliant, they must also value the process.128 Clinicians can aid their patients in valuing the
self-management process through positive feedback, individualized attention, and educational
materials.131
From the participant interviews it appears that the duty of responsibility must be
embodied if one is to be compliant with self-management. This duty is comprised of a
combination of motivation, responsibility, and accountability, as evidenced through this theme.
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An individual’s compliance with their self-management process is couched in the value placed
on embracing this duty.132,133 The relationship between duty and compliance is paralleled by
what is found in the literature of other long term conditions, which supports the need to embody
the duty if one is to be successful in managing the condition.134 Much like in persons with DM,
embracing the duty to self-manage is necessary to adapt to life following LLL.133
Theme 2: The Vigilant and Persevering Self-Advocate
Vigilance is “the action or state of keeping careful watch for possible danger or
difficulties.”135 For a person with LLL, this definition could not be more apt in describing a
fundamental part of their daily routine. A person with LLL must be vigilant of their skin, the fit
of their prosthesis, sensations, and all other aspects of self-management that are part of life with
LLL.1,22 Lack of vigilance can lead to the possibility that something potentially harmful, like an
infection or small wound, can progress to the point where serious injury can occur.136,137
When the narratives are examined from the perspective of prosthetic users, there is a
focus on the need to be hyper-aware of the residual limb and its interaction with the prosthesis.
As described by PW8, “You have to be very, very aware of every single mark on your limb” and
not let anything “fester” and “get to the point where it cannot be healed.” This perspective is well
supported by the literature, which promotes the necessity to perform frequent limb inspections in
the prevention of SMRC.138 Lack of early recognition of SMRC’s can result in infection and
possible re-amputation, which is of concern as most amputations are secondary to dysvascular
etiologies, especially in the older adult population.19,139,140 Thus, the need for vigilance is well
substantiated.141
Beyond vigilance, need for perseverance was also expressed by the participants, much
like in other related conditions.123 For prosthetic users in particular, perseverance was related to
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the ongoing and necessary interactions with their healthcare team. As PW4 described, “Make
sure [the prosthesis] fits well. If something is wrong, call your prosthetist and make an
appointment. I was in there a lot, and they kept working and working on it. I did get frustrated,
but you have to keep going.” This necessity of advocating for oneself, while persevering through
numerous care visits, is crucial to obtain a comfortable fit; a foundational element of functionally
using the prosthesis.1,22 This need to work through frustration is a sentiment echoed by others
dealing with chronic disease, and is considered a normal component of adapting to the
responsibilities of having to self-manage.142
While vigilance and perseverance were deemed important factors, they would be
ineffective components of self-management without self-advocacy.143,144 In fact, self-advocacy
has been noted as a key component of health promotion for other long term conditions and
populations.145-147 The benefit of self-advocating is that it supports open communication and the
formation of a strong therapeutic relationship, which has been shown to be beneficial to both the
patient and the clinician.148-150
However, self-advocacy may not always be a comfortable process to initiate. Participants
described how it feels to advocate for themselves to the healthcare providers, which was a
combination of fear of being burdensome and uncooperative. These findings mimic what other
persons with chronic disease feel when interacting with their healthcare team. 151-153 This
underscores the importance of educating persons with LLL on the therapeutic relationship,
characterized by open dialogue and respectful discussions regarding healthcare decisions.154
In summary, Theme 2 represents the relationship between vigilance, awareness, and selfadvocacy working in synergy to prevent SMRC’s. Much like what was found in other studies, if
one of these elements is not present, the effectiveness of the self-management plan is
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diminished.155 Therefore, the promotion of the interplay between these characteristics would
likely be beneficial to persons with LLL.
Theme 3: The Good, Bad, and the Ugly: Effective Self-Management is a Process That
Relies on Patience, Education, Support, and Realistic Expectation Setting
Education is widely accepted as a facilitator for the self-management of long-term
conditions as well as following limb loss.24,30,31,156 However, the literature does not support that
education alone is sufficient to achieve success with self-management.11,33,157 It is a combination
of education, motivation, external support, physical capabilities, cognitive function, and
available resources that will provide the individual coping with chronic or long-term conditions
the basis for being successful with self-managing.158-160 Narratives of the prosthetic users and
clinicians express support for a multi-modal, collaborative form of self-management education,
including knowledge transfer, peer visitation, and clinical assessments.
Looking first at what knowledge is relevant to the prosthetic users, a range of information
was deemed important by those interviewed and corroborated by the clinician’s narratives.
Specifically, expectations of normal recovery, intricacies of the self-management routine, and
dietary modifications were described during the interviews.
It is clear from the narratives, that prosthetic users valued expectations that were shared
in a collaborative and explicit manner. The desire for expectations to be reasonable and clear is
supported by the literature,161,162 as potential confusion and discontent can materialize if
expectations between the patient and the healthcare provider do not align.163,164
The individual elements of the self-management routine (hygiene, problem solving) were
also considered crucial to being successful with a prosthesis by the participants. While there is a
myriad of ways in which education can be disseminated, the clinicians strongly supported
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clinical encounters to assess the person with LLL’s ability to self-manage, then provide feedback
as necessary. This form of clinical education to enhance self-management abilities is well
supported by the literature and is used in other long-term impairments.165,166 A clinical
encounter additionally offers an opportunity for formalized self-management assessment, in
which the S.M.A.R.T. measures may be utilized.
While foundational self-management education typically includes hygiene, skin
checking, and achieving and maintaining the proper fit of the prosthesis, it may not always
include dietary concerns.24 an issue expressed by several participants. Evidence supports that diet
can influence limb volume fluctuations,167 and limb volume fluctuations can influence how well
the prosthesis fits.168 Therefore, consideration of diet as a component of self-management should
be included in formal education programs for new prosthetic users.
Peer visitation was also supported by the narratives of both groups of participants. Peer
visitation involves a person with limb loss providing support and guidance to another person
with limb loss. The AC is the largest provider of these type of visits, and trains peer visitors
before they can go out and assist others.169 It was evident from narratives of both clinicians and
prosthetic users that they valued the peer visitation process, although the benefit of the process is
not yet fully understood based on available literature. It is generally believed that the interaction
between peers is beneficial for increasing the awareness of social support and belongingness.170
However, peer visitation may not always be beneficial, as noted by PW9, who described
a peer visit that lacked compatibility, rendering the experience unrelatable. This highlights the
emphasis on finding a compatible peer in order to achieve a benefit from the interaction, a
finding that is supported by the literature.169,171
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From the discussion of Theme 3, it appears that education alone is not enough to achieve
an effective level of self-management, but rather a combination of collaboration, support, and
realistic expectation setting. Thus, when engaging a person with LLL in self-management
education, all three sub-components should be present.
Theme 4: Being a Decision Maker: Knowing When to Hold ‘Em, and When to Fold ‘Em
Narratives of the participants describe frequent, and potentially complex, decisions about
self-management that were required on a routine basis. While the requirements behind the
decisions were generally related to the fit of the prosthesis, whether to don or doff the prosthesis,
or whether to contact a clinician, the focus of this discussion will be on the factors that influence
decision-making in self-management.
Decision-making and problem solving are considered foundational elements to
successfully self-managing a chronic condition.172 For the person with LLL, this means being
able to determine if something is wrong, then intervening with the appropriate response. This is
no different then what an person with diabetes must do.173-175 The ability to make decisions and
solve problems are built upon the base of foundational knowledge discussed in Theme 3, and
effectively executed through self-advocacy (Theme 2).
One area that was specifically found to be difficult for the prosthetic users was that of
managing the fit of the prosthesis through sock-ply alterations. The issue with sock ply
modification was not limited to the narratives of interviewed participants, but is found numerous
times throughout the literature.176-178 While there are extant solutions to managing sock-ply
issues, this is an area of future research that would benefit from exploration.1,22 Therefore,
increased attention to sock-ply management would likely benefit both the prosthetic user and the
clinicians, and may decrease frustrations experienced with utilizing a prosthetic limb.
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The narratives presented express a sense of urgency regarding decision making. This is
believed to be due to the potential complications that can arise rapidly if self-management
decisions are not made quickly.3,179 Narratives expressed by both those with LLL and clinicians
emphasize the importance of problem-solving and decision-making in self-management, similar
to a person with DM that must notify their care provider if they notice an ulceration or abnormal
blood sugar reading.180
While decision-making is likely dependent on many factors, the components present in
the analysis of this study finds a relationship between foundational knowledge and duty to selfmanage. This relationship, which mimics what is found in diabetes education,181 should be
emphasized during the self-management education process by clinicians.
Summary and Synthesis of the Themes
From the analysis of the narratives, it appears that identifying an issue in a timely manner
is important to prevent unwanted SMRC. This requires being vigilant, advocating for oneself,
prioritizing self-management, and routinely performing necessary tasks per the recommendations
of the healthcare team (compliance). The unifying thread behind all these themes is the idea that
“If you see something, say something, do something.” This is adapted from a popular slogan
used by the US Department of Homeland Security, “If you see something, say something” and is
very apt to persons with LLL. Specifically, the person with LLL needs to identify issues early on
and make the decision to say something to the healthcare team if they are unable to solve the
issue themselves. Underlying this problem-solving process is basic education and support, so that
the person with LLL can recognize when something is normal vs abnormal.
It is apparent that the prosthetic users in this study value the self-management process
and their relationship with the clinicians, however, do not want to be burdensome to the
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clinicians. The concerns about being burdensome with respect to the clinicians could be a serious
issue and hopefully can be mitigated by the evidence presented in this study. Therefore, it is
imperative that the clinician collaborate with the person with LLL in setting realistic
expectations.
However, the need to self-advocate should not overshadow the need of a strong
foundational education so that the person with LLL can be as independent as possible. In order to
illustrate this point, it is helpful to look at some common clinical scenarios. Consider the
alignment of the prosthesis. There are several screws on a prosthesis, which if adjusted, alter the
biomechanics of the device. However, this would be considered the domain of the prosthetist,
and if done by the person with LLL could result in failure of the prosthesis, injury, or violation of
the warranty.
This would be an example where having the knowledge that this aspect of selfmanagement is outside of their control would help the person with LLL direct their efforts to
contacting the prosthetist, rather than adjusting the prosthesis themselves. Another precarious
situation is if the person with LLL notices a sore on their limb. They must problem-solve,
understanding that the appropriate conclusion is to reach out immediately to their primary
healthcare provider and not try and manage the issue themselves, unless they have been
specifically educated to do so. Again, the knowledge of what is normal and the problem-solving
abilities to make the right decision foster successful self-management.
Not all situations involve contacting the prosthetist or healthcare team first. In the
scenario where the person with LLL feels that their prosthetic socket is fitting too loosely, they
must problem-solve and make decisions in order to resolve their situation. The correct decision
would be that the person with LLL should try and modify their sock ply prior to contacting the
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prosthetist. This problem-solving process is truly at the heart of the self-management process and
the themes that developed during this dissertation study bolster this finding.
The complex situations that a person with LLL faces daily are myriad, however the
process is the same for most. The need to adopt daily hygiene routines, maintain compliance
with medicinal regimens, as well as making appropriate decisions regarding one’s diet is
necessary for effective self-management. This is consistent with current recommendations by
healthcare professionals providing care for persons with LLL.31,182 The importance of
recognizing when something is wrong and intervening is important in the prevention of
infections and possible re-amputation.183 While some participants had noted that they did not
want to bother the healthcare team, thus not effectively advocating for themselves, this can
inadvertently put the person at risk of SMRC like wound development.184
Having dominion over all aspects of self-management is the influence of health beliefs,
specifically the role of motivation and an internal locus of control, which both serve as important
elements of the self-management process. Health beliefs are recognized as a key component of
successful self-management for persons with chronic and long-term conditions.185-187 This is no
different for persons with LLL. Health beliefs have been shown to impact adherence to
medications, self-care behavior, diet, and exercise adherence in persons with LLL.188 Motivation
has been found to be a factor influencing participation in a rehabilitation program after an
amputation, especially in older adults.189,190 Motivation may be improved through positive
reinforcement, collaborative goal setting, or referral to a clinical psychologist.157,191,192
Additionally, healthcare providers should promote the development of an internal locus of
control in persons with LLL as a component of a comprehensive rehabilitation program.39,193
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This can be accomplished through educational programs or cognitive behavioral therapy
referrals.192,194
The relationship between the four primary themes, the subthemes, and the overarching
role of health beliefs are visualized in Figure 16, titled “Theoretical Framework for SelfManagement for Persons with LLL”.

Figure 22. Theoretical framework for self-management for persons with LLL.

Influence of the Needs Assessment on the Development of the S.M.A.R.T.
Having looked at the themes independently, it is now important to view how the themes
and identified codes from the needs assessment influenced the development of the S.M.A.R.T.
measure.
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Starting at the level of the codes, the terms that were most frequently coded were also
associated with the greatest importance to both the prosthetic users and the clinicians.
Specifically, terms like “skin”, “fit”, and “hygiene” were found at a higher frequency than other
codes. These findings are well supported by the literature, which places hygiene, skin care, and
prosthetic fit as high-import considerations for the person with LLL.1,22,68,195-197
Looking at the initial draft of the S.M.A.R.T., a large representation of questions
surrounding just the previously mentioned elements of self-management can be seen. Hygiene
was determined to be a domain of self-management that would require many items. This was
based on the number of codes related to hygiene from Phase 1, along with what is known from
both clinical practice and the literature. There are numerous publications describing the
importance of residual limb hygiene, liner hygiene, and prevention of skin issues to a person
with limb loss.4,198,199 Therefore, it was determined that this domain needed to be well
represented in any measure of self-management knowledge. Below are a few examples of
questions in this domain.
Should I wash my residual limb every day?
Should I wash my residual limb with hot water and soap?
Should I clean my liner once a week?
The second domain, PSPC, was established to represent items that require decisions
designed to avoid consequences, either immediate or long-term. It was first hypothesized during
item development that problem-solving and complication prevention would be two separate
domains. After analyzing the results of Phase 3, it was determined that the two proposed
domains were one cohesive unit. This is likely related to the types of problems that require
solving directly related to a consequence. Therefore, contraction of the two hypothesized
domains resulted in a singular domain, whose items related highly with each other, evidenced by
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the internal consistency value of KR-20=.80. Below are a few examples of questions in this
domain.
…shave my residual limb before placing my liner on?
…cover my residual limb in a compressive garment while awake?
…cover my residual limb in a compressive garment while sleeping?
…feel a throbbing sensation in my residual limb when in the compressive garment?
While it is impossible to represent all the scenarios relevant to hygiene and PSPC, the
items developed for the S.M.A.R.T. drew the most commonly referenced recommendations from
the findings from the prosthetic user and clinician narratives, literature, and clinical experience.
The result was 60-items divided between two domains, hygiene and PSPC. Figure 17 illustrates
the role of the codes on domain development.

Figure 23. Visualization of individual codes contribution to each of the two domains.

Redundancy between the identified codes and qualitative themes existed, specifically
when it came to the importance of performing proper hygiene, inspecting the skin,
communicating with the prosthetist, and the fit of the prosthesis on the residuum. This
strengthened the focus of item development specific to these areas. The emphasis on
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responsibility, decision-making, and communication voiced by participants shaped the overall
tone of the developed items, with an emphatic focus on these three areas woven through many of
the items.
Further than just item development, the themes informed the type of questions put on the
face validation survey, specifically as it related to importance of communicating issues to the
prosthetist (Table 6, question 5) and residual limb integrity (Table 6, questions 7 and 10). While
the codes were quantifiable, and thus more easily converted directly into an item, the themes that
were communicated by the participants wholly corroborate and support the need for the measure
in persons with LLL.
The largest contribution of themes, specifically the influence of health beliefs, can be
realized in the TEI. Each TEI on the revised S.M.A.R.T. measures explicitly communicate the
consequences of failing to properly self-manage, as well as the rationale behind why the
necessary self-management skill is necessary. Communicating the consequences of failing to
self-manage increases the individual’s knowledge base, which in turn can promote motivation
and a stronger internal locus of control. 200 Therefore, the person with LLL who uses the
S.M.A.R.T. can benefit both from targeted education to their specific knowledge deficits in selfmanagement, as well as increased awareness of potential consequences of not exerting control
over the management of their limb. In this manner, both health beliefs and foundational
knowledge receive attention.
Although health beliefs were expressed by persons with LLL as an important component
of self-management, specifically in stimulating a stronger internal locus of control and
motivation, the concept of health beliefs were not applied in the development of the S.M.AR.T.
items. Omission of items related to health beliefs was a limitation of this study as this aspect of
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the affective domain could have provided a wider perspective to the S.M.A.R.T. Since health
beliefs are closely linked with successful self-management in other long-term and chronic
conditions,166,201,202 it is likely that it would be valuable for persons with LLL given the other
shared components discussed previously. The inclusion of health belief items in future revisions
of the S.M.A.R.T. is considered essential and will be discussed later in this chapter.

Difficulties in Drafting a Knowledge Assessment Measure for Persons with LLL
When comparing knowledge assessments across other long-term conditions and
impairments, persons with LLL may have a greater degree of variability in their presentation
than a person who is self-managing DM. For example, a person with LLL could have numerous
different combinations of amputation etiologies, personal factors, and prosthesis-specific factors
that would determine the items on a knowledge assessment. If we compare this to a person with
DM, there would be less variability in knowledge assessment, primarily because there are no
prosthesis-specific factors to contend with. Because of this high variability in the persons with
LLL, there were certain difficulties encountered in developing items for the S.M.A.R.T. A
description of the difficulties in creating a knowledge assessment due to high variability are
expounded upon below.
Different etiologies of LLL
The two major classifications used to describe loss of limb are either traumatic or nontraumatic. Non-traumatic amputations are further divided into sub-categories: dysvascular,
cancer, infection, and other reasons.203 Some specific differences can be seen in how a person
with LLL due to traumatic versus dysvascular etiologies self-manages. For example, a person
with LLL due to diabetes would not be advised to shave their residual limb at any point, unless
specified by their medical provider. However, the person who lost a limb due to trauma may be
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in a situation to shave their limb freely, as they do not have the same risk for SMRC as the
person who lost a limb due to dysvascular etiologies. This inherent difference in how the two
groups self-manage made it difficult to create items that could be applied globally across all the
etiologies of limb loss. This resulted in the reduction of items that were deemed too specific for
the general purpose of the S.M.A.R.T. measure. This dichotomy between inclusivity and
specificity is addressed in both the Limitations and Future Research sections of this chapter.
Level of Amputation
The level of amputation is also a factor in what items could be developed. A person with
a transtibial amputation should be mindful of knee flexion contractures, while a person with a
transfemoral amputation does not have to concern themselves with this. Because of these levelspecific differences, testers need only to answer items corresponding to their level of limb loss.
Prosthesis-Specific Considerations
Beyond the variability intrinsic to the person with LLL, there is the influence of the
prosthetic componentry that is available and utilized clinically. For example, a prosthesis with a
microprocessor knee must be charged daily to maintain function. However, if a person has a nonmicroprocessor component, these tasks would not be applicable. Additionally, to consider the
spectrum of possible liners that can be used to suspend the residual limb to the prosthesis, along
with the numerous suspension types, it creates a scenario where items would become
increasingly specific, excluding many to include the few.
Phase of Recovery
The self-management knowledge required is a process that evolves as the person with
LLL progresses through their rehabilitation. The knowledge requirement is based on the
influence of the prosthesis, suspension system, and level of amputation. Therefore, the items on
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the S.M.A.R.T. may or may not be relevant to the specific situation of all persons with LLL. This
limited how items could be written for the S.M.A.R.T. developed in this study, however these
individual variances can shed light on important considerations that are addressed in the Future
Research section of this chapter.
Compromise
Because of the high variability between persons with LLL, the S.M.A.R.T. was written to
be as inclusive as possible, focusing on items that are important and relevant to most
stakeholders. The global nature of the items included on the assessment measure increases
external validity and generalizability as it is relevant to most, but because of this it also suffers
from not being as direct and focal for each of the major categories of limb loss observed
clinically.

Development of the S.M.A.R.T.
The S.M.A.R.T. was developed following the established methodologies presented in
Chapter 2. Development of the measure was based on a combination of clinical expertise,
stakeholder input, and current best evidence. The S.M.A.R.T. was designed to be accessible for
those with limited health literacy, as can be visualized by the 6th grade reading level and
simplified layout of the measure.
To determine face validity, a 5-point Likert-type questionnaire was administered to 58
stakeholders, with scores ranging from 4.29/5 to 4.70/5. This was interpreted as support for the
general structure, content, readability, and purpose of the measure. It also indicates that
stakeholders believed the measure would be valuable for all levels of persons with LLL and
would be a useful measure in identifying knowledge gaps. For reference, please see Table 6,
question 6, in the results section for each individual question and the accompanying response.
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Since the purpose of the S.M.A.R.T. is to identify knowledge gaps for TEI to be applied, this
finding of perceived usefulness helps with the clinical applicability of the measure.
The content validation process was thorough and focused. Every item and TEI on the
S.M.A.R.T. were independently reviewed by over 30 stakeholders, with follow-up interviews to
precisely define what recommendations were suggested. The final assessment measure was a
measure that is representative of what participating stakeholders valued, in conjunction with
what the evidence supports.23,197
Of note is the simplistic presentation of the items on the S.M.A.R.T. in a trichotomous
fashion. The choices of either “Yes,” “No,” or “I Don’t Know” responses leave little room for
interpretation and is recommended in order to improve the usability of the test. Effort was taken
to not make any questions unnecessarily difficult to interpret, hence the importance of the
content validation and item difficulty analysis.
There were redundant questions, for example, items 1, 14, and 20 (presented at the end of
this paragraph) that refer to the need to wash the residual limb at different times. The redundant
items on the S.M.A.R.T. were designed for people with LLL to respond to questions differently,
stating “Yes” to washing the residual limb daily (1), and “No” to the two contrasting questions,
14 and 20. The contrasting method ensures that all items are read and that the respondent
understands the content with consistent responses. The redundancies also serve as an indicator of
the test-taker’s diligence in completing the S.M.A.R.T. That is, if the person with LLL answered
item 1 correctly, they should not answer 14 and 20 incorrectly.
(1) Should I wash my residual limb every day?
(14) Should I wash my residual limb every other day?
(20) Should I wash my residual limb once a week?

99

Properties of the S.M.A.R.T. Measures
The psychometric analysis of the S.M.A.R.T measures found that all iterations of the
measure reach the necessary standard of reliability and validity to be utilized in the clinical
setting. All measures were found to have satisfactory internal consistency (KR-20= .70-.82),
which indicates the reliability of the measure. Individual analysis of each of the measures
indicates an inverse relationship between the number of items represented and the CTC Rs
values. That is, the more items on the S.M.A.R.T., the greater the dispersion of CTC Rs values,
indicating that the measures with less items had a more cohesive set of questions. The trade-off
is that as the items were reduced, the item difficulty also increased. Since a higher item difficulty
value indicates an easier test,204 reducing the items too drastically may result in an assessment
that fails to require diligent attention to complete each item. Since the purpose is to assess
knowledge, there needs to be a balance between number of items, internal consistency, and item
difficulty.
Regardless of the S.M.A.R.T. measure, discriminant construct validity was established. If
the S.M.A.R.T. could not differentiate between those with higher knowledge and those without,
the purpose of the measure would not be fulfilled. This construct validity finding confirms the
utility of the instrument as a measure that can accurately and reliably discriminate between those
who have greater knowledge and those who do not. Since there is no extant measure currently in
publication that acts as a criterion for assessment of self-management knowledge in persons with
LLL, the S.M.A.R.T. could potentially serve as a comparison point for future measures.

Target Cohorts for S.M.A.R.T. System
The two cohorts that would benefit from the S.M.A.R.T. system are persons with LLL
who have a healed residual limb and either 1) are not currently a prosthetic candidate, or 2) a
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newer prosthetic wearer (time period between receiving the first prosthesis and the permanent
prosthesis). For the person with LLL who has a healed residual limb but does not yet (or may
never) have a prosthesis, the S.M.A.R.T.-RL is designed to address questions specific to limb
hygiene, compressive garments, and complication prevention. Questions related to prosthesis
management are excluded from the S.M.A.R.T.-RL.
For a newer prosthesis wearer, the S.M.A.R.T.-SCAN is designed to be a quick screen of
residual limb and prosthesis-related self-management knowledge. The S.M.A.R.T.-SCAN then
directs the person with LLL to either the S.M.A.R.T.-RL, S.M.A.R.T.-PR, or the S.M.A.R.T.-CE
based on their specific responses. A workflow of the assessment process can be visualized below
in Figure 24.

Figure 24. Workflow of S.M.A.R.T. system.

How the S.M.A.R.T. System is Intended to be Utilized
Each of the five S.M.A.R.T. measures can be utilized independently; however, it is the

four S.M.A.R.T. measures shown in Figure 24 (above) that are designed to be integrated with
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each other. While a single measure with as few items as possible would be desirable due to its
ease of administration, it is not uncommon to have shorter and longer versions,205-208 where the
shorter form can serve as a screen in deciding on the use of the longer form.
The S.M.A.R.T. 60 is the most comprehensive of the measures, containing all the
originally developed items. Nevertheless, some of the items on the S.M.A.R.T. 60 are situational
or optional, therefore test takers may not find all items apt to their situation. Additionally, the
longer measure takes more time to complete and score than the other S.M.A.R.T. measures,
making it less clinically feasible to employ when it is more desirable to have a quick
assessment.209 Based on these limitations, it is not recommended that the S.M.A.R.T.-60 be
utilized clinically on a routine basis.
The process of how to assess and intervene with the S.M.A.R.T system. is described in
detail below. The discussion will focus on how to use the S.M.A.R.T. system for persons with
LLL identified as a target cohort in the prior section.
Healed Residual Limb
For the person with LLL who has a healed residual limb, but not a prosthesis, the
S.M.A.R.T.-RL can be provided during the evaluation process and then scored during the clinical
encounter. The accompanying TEI’s can then be applied during the session. Reassessment of
areas of deficit can be followed up as appropriate, either ad hoc or with the S.M.A.R.T.-RL.
Since the focus of the S.M.A.R.T.-RL is on hygiene, volume management, and complication
prevention of the residual limb only, extraneous information is not introduced, thereby
decreasing potential cognitive burden to the person with LLL. If the person with LLL progresses
to using a prosthesis, they would then be classified as a new prosthetic user and can follow the
assessment system proposed below.
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New Prosthetic User
A new prosthetic user is classified as a person with LLL who has a healed residual limb
and is adjusting to a prosthetic limb. This adjustment period includes residual limb volume
management, socket fit problem-solving, and the necessary residual limb hygiene represented in
the S.M.A.R.T.-RL. Therefore, the new prosthetic user requires a more varied knowledge
assessment than the S.M.A.R.T.-RL which only focuses on the residual limb.
To satisfy the needs of the measure being both diverse enough to assess knowledge
important to a new prosthesis wearer, as well as a quick way to administer the exam, the
S.M.A.R.T.-SCAN should be utilized. The first five items on the S.M.A.R.T.-SCAN are related
to residual limb management, while the last nine items relate to prosthesis-related selfmanagement. If the test taker makes

2 errors on the first five items, they are then directed to

take the S.M.A.R.T.-RL. If the test taker makes

2 errors on the last nine items, they are

directed to take the S.M.A.R.T.-PR. If errors are made on either the RL

or PR

forms,

the test taker is then directed to complete the S.M.A.R.T.-CE, which offers a comprehensive
assessment of self-management knowledge. If the test taker makes errors on both items 1-5 and
6-14, they are instructed to take the CE version and bypass the sub-versions.
The scoring threshold is set at 80% for each iteration of the S.M.A.R.T. system. This
allows for a small margin of error, reducing the chances of false positives and need for follow-up
assessment. Techniques to further quantify the scoring threshold is presented in the Future
Research section.
The reason for this triaging method is to 1) only provide necessary testing when required,
2) decrease outcome measure-related fatigue, 3) and increase clinical feasibility. For example, if
a new prosthetic user makes an error on the S.M.A.R.T.-SCAN, but makes no errors on the
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S.M.A.R.T.-RL, the assessment can be terminated without need to perform the lengthier and
more comprehensive CE version.
When applying the TEI for the new prosthetic user, it should only be done after all
assessment is completed. The answer key should not simply be provided to the person with LLL,
but instead should serve as an opportunity to intervene in the area of deficit, either verbally,
physically, or any other appropriate education modality. Using the TEI in this manner limits time
spent on unnecessary education, but also strengthens the therapeutic relationship with the person
with LLL.
Reassessment
After initially assessing and intervening, it may be necessary to repeat the process of
administering the S.M.A.R.T. system. The clinician must consider the person with LLL’s
preferred learning style and utilize a multi-modal approach to apply the TEI’s if the client is
failing to integrate the knowledge appropriately. If there are concerns regarding the individual’s
cognitive status and ability to effectively utilize the TEI, then a referral to the appropriate
healthcare provider along with educating the supporting family members is warranted.

Ways to Improve the S.M.A.R.T.
While the S.M.A.R.T. measures reached necessary psychometric benchmarks to be
considered clinically applicable, there is still room for improvement in the measure. While the
“Future Research” heading of this chapter will speak towards how the measure can be modified
in future studies, this discussion will focus primarily on ways the psychometric properties can be
enhanced.
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Improving Workflow
The ease in which the S.M.A.R.T. system is applied can be enhanced by automating the
process through a multi-nodal decision tree application, accessible through a mobile device. The
application (app) can be run on any mobile or desktop device, allowing the user to work within
the recommended framework presented above. The test taker completes the assessment, triaged
through further assessment if needed, then administered the TEI’s. This approach mimics prior
work for problem-solving the fit of a prosthesis using a mobile app.1
Improving Internal Consistency
An ideal internal consistency should be as close to 1.00 as possible. While the
S.M.A.R.T. measures exceed the .70 threshold, they fall short of the ideal. In order to increase
internal consistency, a factor analysis could be used. A factor analysis of the items would verify
the domains established in this dissertation study and may shed some light on poorly defined
domains that were not uncovered. After this process, the items could be again analyzed, and it is
likely the internal consistency would increase, but at the cost of several items that may be of
critical importance to the measure. Therefore, the use of a factor analysis for the purposes of this
dissertation was determined to be unnecessary, however could be utilized on expansions from the
S.M.A.R.T. measures created as part of this dissertation.
Expanding Reliability
While internal consistency was the criterion for considering the test reliable, there are
other forms of reliability that should be explored. Test-retest reliability can be considered a
proxy for the stability of the measure over multiple administrations. That is, if the person with
LLL completed the S.M.A.R.T. at baseline, would they report the same findings if tested again.
This is a challenge, however, due to the dynamic nature of the construct. A person in a
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rehabilitation program may develop a rapid understanding of self-management, thus resulting in
a change in performance on multiple tests. Therefore, test-retest reliability may have limited
value to this study.
What could be more appropriate is to evaluate parallel forms reliability. This form of
reliability compares two versions of the measure to each other, albeit with different items. For
the S.M.A.R.T., it could involve writing items that are opposite of what is currently on the
S.M.A.R.T., then administering both and correlating the scores. If the test has parallel forms
reliability then the scores on each measure should positively correlate, giving an R-value of >.70.
This form of reliability is recommended to be utilized in future studies involving the S.M.A.R.T.
Alternative Analysis
The structure and reliability analysis of the S.M.A.R.T. measures were based upon
Classical Test Theory (CTT). However, CTT is not the only way to formulate a reliable measure.
Rasch Analysis is a technique that can be used to develop an assessment measure and may offer
benefits that could not be realized with CTT.210 Without going into the specifics of a Rasch
Analysis as it is beyond the scope of this dissertation study, it is fair to say that the additional
benefits of a Rasch Analysis would serve to either improve the S.M.A.R.T., or secondarily
confirm the structure of the current measures. The trade-off is that to use Rasch analysis, a larger
sample size is needed.211
Computerized adaptive testing (CAT) may be another avenue to reduce items and clinical
burden. The use of CAT in the development of outcome measures specific to persons with LLL
has been successfully implemented in prior studies.206 In CAT, items are assigned weights that
determine the assessment pathway the test taker will follow. Through analysis, pathways can be
defined that improve efficiency of test administration.212
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Implications
The implications of this dissertation study will be realized in three main realms: clinical
practice, academia, and research.
Implications for Clinical Practice
Having the ability to objectively assess self-management knowledge allows the clinician
to apply TEI in a timely manner. The benefit of this early assessment is that many of the SMRC
may be prevented, although this will require further research to prove. Having short, medium,
and long forms of the instrument allows a quick assessment to be performed in the clinic in as
little as five minutes, but also the ability to undergo a more comprehensive assessment if an
individual requires. As described in the prior sections, a combination of patient characteristics,
clinical expertise, and available time should guide the clinician in choosing the most appropriate
measure to administer initially, with more comprehensive testing being performed if the initial
assessment identifies gaps in knowledge. Being able to assess self-management knowledge with
a valid and reliable measure, in a fast and practical manner, has not previously been an option.
Now, with the advent of the S.M.A.R.T., clinicians can include this formalized
assessment as a standard component of their patient intake forms. Instead of approaching selfmanagement education in a random manner, clinicians can utilize the framework presented here
to administer the S.M.A.R.T. and apply TEI to the areas of deficit.
There may be ancillary benefits to the administration of the measures as well. For
instance, use of the measures may result in increased awareness that is brought to selfmanagement and the prevention of SMRC. The therapeutic relationship may be strengthened
because of the increased communication between the client and the clinician, potentially having
other positive impacts on the care provided. A routine and standard way to approach self-
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management education can help the clinician become more efficient in their evaluation process.
This can minimize discrepancies between different clinicians and the education they provide.
It must also be considered that not every clinician will have the same level of education
or experience in terms of how to provide best care to those with LLL. However, the S.M.A.R.T.
and the TEI can now act as a guide, so even an inexperienced clinician can better focus on areas
of importance for their interventions. This uniform system can foster collaboration between
clinicians while providing consistent care, despite potentially disparate backgrounds.
A paradoxical finding that corroborated the results of the pilot study was the lack of a
significant relationship between time of prosthesis use and score on the S.M.A.R.T. This may
indicate that experience with a prosthesis alone does not imply a high degree of self-management
knowledge. Possible explanations for this relationship are: 1) the prosthetic user only has the
necessary knowledge for their specific situation, therefore does not require knowledge outside of
their particular needs, and 2) the prosthetic user may have learned bad habits, or failed to learn
good habits, and therefore carry forward these habits into their belief system. In the case of the
latter situation, a process of unlearning bad habits and beliefs may be indicated. The S.M.A.R.T.
may assist in this process as the TEI and subsequent conversation with the clinician can help
reshape misinformation into directed action. Regardless of the situation, clinicians must take
great care to avoid cognitive bias, specifically the halo effect, when providing care to
experienced prosthetic users. That is, just because they are experienced does not mean they are
knowledgeable about self-management.
Another consideration is that of liability and medico-legal concerns. By objectively
documenting the person with LLL’s self-management knowledge and resultant interventions,
clinicians may protect themselves from potential malpractice claims down the road. The act of

108

documenting the provision of a standard of care in an objective fashion may be beneficial to
safeguard clinicians from future claims.
An extension of the benefit of documenting self-management in an objective fashion is to
provide evidence of outcomes and to justify need for continued rehabilitation to insurance
providers. Showing deficits in a measurable fashion, along with the focal interventions, creates a
transparent and reproducible care pathway that demonstrates the importance or need for care.
Implications for Academia
Physical therapy, occupational therapy, and prosthetists should be educated on the
importance of self-management as it relates to persons with LLL as part of standard academic
processes. Since the S.M.A.R.T. represents many of the most commonly encountered selfmanagement situations a person with LLL will experience, it can be used to facilitate the
educational process for students. Students can practice the administration, scoring, and
application of TEI during clinical experiences, understanding how the S.M.A.R.T. can inform
clinical practice and development of a care plan. Once graduated, novice clinicians can continue
to promulgate the importance of self-management and corresponding interventions, potentially
decreasing likelihood of future SMRC’s.
Future Research
There are multiple future areas of study following the foundation of this dissertation
study. First, the role of knowledge assessment on the prevention of SMRC can now be evaluated
using the S.M.A.R.T. measures. It is believed that with appropriate knowledge assessment, many
complications related to self-management can be prevented from occurring, as this was the case
with DM.54
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A second priority for future research is to design a S.M.A.R.T. version that is specific for
traumatic versus non-traumatic occurrence of persons with LLL, as each of these cohorts have
distinctive differences in their needs. While this dissertation study was inclusive of all etiologies,
a more focused version of the S.M.A.R.T. would likely be able to provide condition-specific
assessment. Each major classification may have sub-versions of the S.M.A.R.T., as would be the
case of non-traumatic amputation etiologies and the numerous classes represented within.
Therefore, there is a need for future studies to develop and validate multiple forms of
S.M.A.R.T. for the major constituencies within the limb loss population, including those with
dysvacular etiologies of amputation.
Beyond LLL measures, an upper extremity version of the S.M.A.R.T. can be developed
based on the framework and methods established in this dissertation study. Persons with upper
limb loss will have their own needs to be represented on a measure of knowledge assessment.
While many of the hygiene items would carry forward from the current S.M.A.R.T.,
development of new items would be necessary. The methodology put forth in this dissertation
study can serve as the framework for that research.
The S.M.A.R.T. measure can be validated for other languages to allow it to be used
outside English speaking populations. Much like in the pilot study, developing nations would
benefit from a knowledge assessment measure. Since many of the items are universal in nature,
there could be significant carry-over from the current S.M.A.R.T. However, the methodologies
of content and face validation would need to be considerate of each unique target of application,
and as such, modification of the methods would be necessary.
Another important avenue for future research will be to integrate health beliefs
assessment into the S.M.A.R.T. Evidenced from both the needs assessment and literature review,
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health beliefs play an important role in modulating success in the self-management of a longterm or chronic condition. As such, the S.M.A.R.T. should evaluate health beliefs domain as part
of the standard assessment process. This could be accomplished by creating an additional 2-3
items and TEI specific to health beliefs. Items could be adapted from extant measures, including
the closely related assessments used for persons with DM.213,214 The findings from assessing
health beliefs will guide the clinician to either intervene with TEI in order to widen health belief
perspectives in the person with LLL, or it will validate that health beliefs are not a concern and
additional attention is not required to this domain of self-management.
Finally, as this was an unfunded study, it was beyond the scope of this dissertation to
determine the predictive validity of the measure, the minimal clinically important difference,
minimal detectable change, or receiver operating characteristics curve. To determine these
characteristics would have involved a long-term study with increased expenses. However, this
area of future study is of extreme importance, as the decrease in SMRC is one of the intended
purposes of this measure.

Limitations
The external validity of the S.M.A.R.T. is threatened by the sample recruited for this
dissertation study. As stated earlier, recruitment of participants was completed through the AC
website (Phase 1; persons with LLL) and National Conference (Phases 2-4; clinicians and
persons with LLL.) As such, the diversity of the participant pool was restricted to those who
participate in AC events and their online bulletin board. Hence, the recruited participants are not
entirely representative of what may be seen clinically, based on practice setting. If available
statistics are reviewed, it can be seen that most persons with LLL are older adults with
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amputations secondary to dysvascular etiologies, like complications from DM.111 They are
typically less functionally mobile and require a greater degree of assistance.19,140
However, the recruited sample from the AC was predominantly under the age of 65, and
largely made of persons who lost their limb to traumatic reasons with higher Medicare K-levels
(indicating higher level of function.) This disparity between the recruited sample and the general
population limits the applicability of the study to all persons with limb loss, specifically
regarding amputation etiology, age, gender, and other identified characteristics. However, this
limitation does not preclude its clinical, academic, and research value, as well as its overall
contribution to the body of science.
A limitation of the S.M.A.R.T. developed in this dissertation study was the lack of
affective domain items specific to health beliefs. The needs assessment and review of the
literature revealed that health beliefs play an important role in the self-management process, and
therefore the S.M.A.R.T. should assess health beliefs as a component of comprehensive
screening. Therefore, future revisions of the S.M.A.R.T. should be developed to assess health
beliefs, specifically motivation, and locus of control.

Delimitations
There were several delimitations that defined the boundaries of this dissertation study.
The first was funding. This dissertation study was unfunded, therefore the study design had to
work within the available budget. This equated to a restricted sample size due to costs associated
with collecting data, participant reimbursement, travel, and renting space at conferences. These
spending restrictions defined how many participants could be recruited. Since this was
determined to be an issue a priori, it spurred the decision to utilize CTT instead of other methods,
like Rasch Analysis. While Rasch Analysis provides a greater degree of insight into development
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and revision of a test measure, it required a greater sample size than would have been feasible for
this study.
Another delimitation of this study was creating a measure that was amenable to general
use for all persons with LLL. Previously, it has been stated that specific versions of the
S.M.A.R.T. would be beneficial given the self-management needs of different persons with LLL.
Therefore, a delimitation of not creating an etiology/prosthesis specific version of the
S.M.A.R.T. was determined prior to embarking on the study, with future iterations of the
measure becoming more specific.

Summary of Clinical Recommendations
Based on the results of this dissertation study, the following recommendations are suggested
for clinical practice.
1. Emphasize the importance of self-advocacy for the person with LLL. The person with
LLL needs to know that they can reach out to the clinical team with any questions or
concerns, and that it is preferred that they do it as soon as possible. Remind the person
with LLL of this phrase: “If you see something, say something, do something.”
2. Assess health beliefs to explore to what extent the person with LLL understands the
consequences of ineffective self-management. If a person with LLL demonstrates low
motivation or lacks a strong internal locus of control, the clinician should focus on
educating the patient on the consequences of failing to self-manage, along with
implementing strategies to foster autonomy in self-management.194 These strategies may
include making a referral for cognitive behavioral therapy, individualized counseling, or
peer support groups.191,192
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3. Begin education on the first visit but communicate that it will be ongoing, and
assessments will be performed to assess continued adherence. Reinforce that selfmanagement is a lifestyle change and requires being proactive, and that the clinical team
are there to facilitate this process. This can be done by discussing self-management
during every visit.
4. Vary the delivery of self-management education. A combination of TEI, educational
materials, demonstrations, assessments, and peer visitation should be utilized. Each form
of education reinforces the other and facilitates the lifestyle change that the clinical team
is trying to promote.
5. Utilize the S.M.A.R.T. system as a standard part of the examination of a person with
LLL. Track objective changes over time to support clinical findings.

Summary
The S.M.A.R.T. measures are reliable and valid instruments that can be used to assess
self-management knowledge in persons with LLL. The gaps identified by the instruments allow
for TEI to be applied in a timely and direct manner, potentially circumventing unwanted SMRC
that could derail functional independence. The S.M.A.R.T. fills a current gap in the art and
science of limb loss rehabilitation, and as such it should be considered a component of standard
care for the person with LLL. The S.M.A.R.T. developed in this study can act as a foundation for
future knowledge assessment measures in limb loss rehabilitation, and the methodologies used
can serve as a framework for expansions on this current knowledge assessment measure.

114

Appendices

115

Appendix A: Summary of Relevant Methods
Instrument

PKQ-OA15

Number Item Type
of items
58
Open-ended
interview questions
16
Multiple Choice

PKQ-RA16

12

Multiple Choice

HDKQ-RA50

24

Dichotomous

ASQ52

14

Multiple Choice

DPKT27

38

N/A

BDKT13

23

Multiple Choice

Internal
consistency

YNQ23

36

Dichotomous

N/A

AFib45

Reliability
Method
Inter-rater
agreement
Internal
consistency
Test-retest
Internal
consistency
Test-retest
Internal
consistency
Test-retest
Internal
consistency
Test-retest
Internal
consistency

Validity
N/A
Face
Content
Face
Content
Face
Content
Discriminate construct
Face
Content
Face
Content
Discriminate construct
Face
Content
Discriminate construct
Face
Content
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Appendix B: Interview Script for Phase 1
Interview Questions
Before starting the interview, we would define what self-management is: “Selfmanagement as it relates to a new prosthetic user is defined as the ability to perform
hygiene, problem-solve, identify urgent situations, and recognize safety issues with their
residual limb and/or prosthesis.”
“Self-management related complications would be considered skin breakdown, falling,
pain in the residual limb, or inability to comfortably suspend the prosthesis as result of
mismanagement of the residual limb/prosthesis.”
Self-management is NOT walking, going up stairs, or transferring. It is referring to the
residual limb and prosthesis, and elements that influence the health of the interface.
Questions:
1. Can you describe what self-management means to you as a prosthetic user/clinician?
2. How important is self-management for a new prosthetic user?
3. What are the most common self-management related complications a new prosthetic user
faces during the initial period of prosthesis use?
4. What self-management skills should a new prosthetic user be able to demonstrate to
avoid complications?
5. What information should a new prosthetic user know regarding self-management?
6. What are some common questions you get/you had regarding management of the
prosthesis or the patient’s residual limb?
7. What are some of the self-management related complications you try and avoid with/as a
new prosthetic user?
8. What areas of self-management are most important for a new prosthetic user to have?
What areas are less important?
9. How long does it take for an individual to be proficient in self-managing their residual
limb/prosthesis?
10. What other things do you think are important to know about self-managing a
prosthesis/residual limb? What barriers do you face?
11. What has been the most helpful to you in learning/teaching an individual about how to
self-manage your/their prosthesis/residual limb?
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Appendix C: Demographic Sheet Phase 1
Experienced Users
Participant #
Age:
Sex:
Years of experience with prosthesis/es:
Reason for amputation:
Level of amputation:
Laterality:
Education level:
Confidence in self-managing prosthesis:
Do you require help to self-manage your prosthesis?
Prosthetist
Participant #:
Age:
Sex:
Years of experience:
Education level:
Physical Therapists
Participant #:
Age:
Sex:
Years of experience:
Education level:
Frequency of treating patients with limb loss/month (on average over a year):
Confidence in providing self-management education to an individual with limb loss: 1-5 self-report
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Appendix D: Interagency Agreement for Ethical Approval

119

Appendix E: Demographic Sheet Phase 2
Demographics form
Circle all that apply:

prosthetic user

prosthetist

physical therapist

Age: ________
Gender: ________
Education level (circle one): High School

Some College

College Grad

Graduate School

For prosthetic users only:
Level of limb loss (circle one):
Side (circle one):

Right

Left

PF

Syme

TF

KD

TF

HD

Both

Reason for limb loss (circle one): Diabetes
Infection Other

Vascular(non-diabetic)

Trauma Cancer

If other, please explain: ____________________________________
Months or Years of prosthesis use: ______________

months/ years (circle one)

How confident are you/were you in managing your residual limb…
Question
…during the
immediate postoperative phase?
… during the
preparatory
prosthesis phase?
…when you
experience skin
breakdown?
…when you have
socket fit issues?

Very
Confident Neutral Not very Not any
Not
Confident
Confident Confidence Applicable
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For prosthetists and physical therapists only:
Years of experience: __________
How confident are you in managing a patient’s residual limb…
Question
…during the immediate postoperative phase?
… during the preparatory
prosthesis phase?
…when they experience skin
breakdown?
…when they have socket fit
issues?

Very
Confident Neutral Not very Not any
Confident
Confident Confidence
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Appendix F: Draft S.M.A.R.T. and Content Validation Form for Phase 2
I should…

1.
2.
3.
4.

…remove my prosthesis when taking a shower or bath?
…shave my residual limb?
…wear my prosthesis as long as I like during the day?
…be able to do whatever activity I would like with my
prosthesis?
5. …be able to use the prosthesis for swimming, or to
wade in water at a pool/lake?
6. …inspect my skin occasionally by removing my
prosthesis during the day?
7. …trim my liner and socks if they bunch up at the top?
8. …call my prosthetist if I must wear 15-ply of socks to
fit in my prosthesis?
9. …add an additional 1-ply prosthetic sock if the fit feels
loose?
10. …remove a 1-ply prosthetic sock if the fit feels too
tight?
11. …wash my limb every day?
12. …wash my limb with hot water and soap?
13. …apply non-oily lotion to my limb every day?
14. …shave my limb before placing my liner on? (skip if you
completed section A)
15. …cover my limb in a compressive garment during the
day?
16. …cover my limb in a compressive garment while
sleeping?
17. …feel a throbbing sensation in my limb when in the
compressive garment?
18. …call my doctor if my limb is red for 10 minutes after
removing the compression?
19. …wash my compressive garments every day?
20. …inspect my skin at least twice a day?
21. …clean any areas of oozing around my surgical site?

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
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22. …place a bandage over any abrasion that form on my
residual limb from wearing my prosthesis?
23. …take un-prescribed over the counter pain medication if
my limb is causing me discomfort?
24. ...call my doctor if I notice a pimple like bump on my
limb?
25. …wash my limb every other day?
26. …call my doctor if I notice redness/discoloration around
my surgical site?
27. …spend as much time as possible on my stomach when
lying down?
28. …keep my knee straight when sitting or lying down?
(skip if not applicable)
29. …massage my limb once a week?
30. …maintain night lights in my bedroom, hallways, and
bathroom?
31. …wash my limb once a week?
32. …sit for 30 seconds before going to the bathroom in the
middle of the night?
33. …remove my prosthesis when sleeping?
34. …clean my liner every day?
35. …clean my liner with a lint free cloth and a diluted
bleach solution?
36. …dry my liner overnight before wearing?
37. …hang my liner over a coat hanger to dry?
38. …clean my liner every other day?
39. …put an oily lotion on my limb before wearing my liner?
40. …stop wearing my prosthesis if I have a wound on my
limb?
41. …adjust the screws on the prosthesis if I have an area of
discomfort on my limb?
42. …tighten the screws on the prosthesis if it is making
noise?
43. …inspect my skin before placing my prosthesis on?
44. …inspect my skin after removing my prosthesis?
45. …experience swelling or shrinking of my limb?
46. …use a scented deodorant on my limb if it sweats during
the day?
47. …clean my liner every week?
48. …pad or cushion my prosthesis socket if I feel pain when
wearing my prosthesis?

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
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When wearing my prosthesis, I should:
49. …walk only in the shoes my prosthetist aligned the
prosthesis to?
50. …have mild pain or discomfort while walking?
51. …experience small blisters on my residual limb from the
pressure?
52. …have discomfort on my residual limb after it is
removed?
53. …tape any cracks that form in the socket?
54. …remove it and inspect my skin if I feel discomfort?
55. …have bruises on my limb after walking long distances?

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK

I should call my prosthetist if…
56. … I feel pressure at the end of my limb when walking?
57. …my limb is red for 20 minutes after removing my
prosthesis?
58. … there is one small area of redness over a bone?
59. … I cannot wear my prosthesis due to pain?

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK

Answer Key:

Question/rationale
1. I should remove my prosthesis when taking a shower or bath?

Answer
Yes

As a newer prosthetic user (less than 3 months), you will be in
a temporary prosthesis. This type of prosthesis is not designed
to get wet. When showering or bathing, you should remove the
prosthesis and any underlying garments (liners, socks) before
taking a shower or bath. Speak with your prosthetist about your
permanent prosthesis and if it can get wet.
2. I should shave my limb?

No
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As a newer prosthetic user (less than 3 months), you do not
want to shave your limb unless explicitly instructed to do so.
The risk of injury or infection to the limb is too great. Many
people who have diabetes or vascular issues should never shave
their limbs unless instructed.
3. I should wear my prosthesis as long as I like?
You should wear gradually into your prosthesis. A general rule
is to start with 1 hour a day of total wearing time, spending
50% of the time walking or moving and the other 50% resting
with prosthesis on. You can add 1 hour a day every day,
maintaining the ratio, until you demonstrate the necessary skin
integrity to wear it as long as you like. Skin inspections must
be performed before/after/during wearing the prosthesis.
4. I should be able to do whatever activity I would like with my
prosthesis?
The temporary prosthesis may not be designed to perform
certain demanding activities. This could limit your
performance or result in an injury. Speak with your prosthetist
about the limitations of your temporary prosthesis.
5. I should be able to use the prosthesis for swimming?
As a newer prosthetic user (less than 3 months), you will be in
a temporary prosthesis. This type of prosthesis is not designed
to get wet. When swimming you should remove the prosthesis
and any underlying garments (liners, socks). Speak with your
prosthetist about a prosthesis that can be used for swimming.
6. I should inspect my skin occasionally during wearing my
prosthesis?
As a newer prosthetic user (less than 3 months), you will want
to inspect your limb at regular intervals to ensure skin integrity.
During the first week, every 30 minutes to an hour is
recommended. After you are wearing the prosthesis for four
hours with issue, then inspect the skin every four hours until 2
weeks of no skin breakdown is detected.
7. …trim my liner and socks if they bunch up at the top?
Do not cut or modify any elements of your prosthesis or
supporting garments. They are very expensive, and must retain
a certain length to function. Speak with your prosthetists if you
have concerns with the length of the liners and socks.
8. I should call my prosthetist if I have greater than 5-ply of socks
on?’

No

No

No

Yes

No

No
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It is normal to wear anywhere from 1-15 ply of socks during
the first few months. After you are wearing 15 ply or more, you
should contact your prosthetist as this is a sign of your limb
maturing.
9. I should add prosthetic socks if the fit of my prosthesis feels
loose?

Yes

It is important you detect and correct any changes in your limb
volume throughout the day. Adding socks is a normal part of
the process. Add as few as you need to ensure a comfortable
fit.
10. I should remove socks if the fit of my prosthesis feels too tight?

Yes

It is important you detect and correct any changes in your limb
volume throughout the day. Removing socks is a normal part
of the process. Remove as few as you need to ensure a
comfortable fit. If your limb is very swollen and cannot fit in
your prosthesis, contact your prosthetist and leave the
prosthesis off.
11. I should wash my limb every day?

Yes

Since your limb is healed, you should be washing it like any
other portion of your body. Special attention to the creases and
wrinkles should be performed.
12. I should wash my limb with hot water and soap?

No

The water should be warm, not hot. You should use soap, but a
hypo-allergenic non-scented soap is recommended. A nonscented soap may smell very faintly, but it is not heavily
perfumed or recognizable as any other scent other than soap.
Ask your prosthetist if you are unsure.
13. I should apply lotion to my limb every day?

Yes

Lotion your limb the same way you would any other part of
your body. A non-greasy lotion is recommended before you go
to bed. Never put lotion on before you put your prosthetic liner
on as it can cause slipping.
14. I should shave my limb before placing my liner on? (skip if you
completed section A)
You do not want to shave your limb unless explicitly instructed
to do so. The risk of injury or infection to the limb is too great.
Many people who have diabetes or vascular issues should
never shave their limbs unless instructed. If you are allowed to

No
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shave your limb, do so at least 10 hours before wearing your
prosthesis.
15. …cover my limb in a compressive garment during the day?
You should wear your compressive garments at all times,
except for showering or during changing of the garments. The
garments maintain the volume of the limb and help shape it. If
you are unsure on how to safely apply and wear your
compressive garment, speak to your prosthetist.
16. I should cover my limb in a compressive garment while
sleeping?
You should wear your compressive garments at all times,
except for showering or during changing of the garments. The
garments maintain the volume of the limb and help shape it. If
you are unsure on how to safely apply and wear your
compressive garment, speak to your prosthetist.
17. I should feel a throbbing sensation in my limb when in the
compressive garment?
A throbbing sensation may indicate that the compressive
garment is on too tight. Remove the garment and try
reapplying with less tension. If the throbbing continues,
discontinue wearing the garment and contact your prosthetist.
18. I should call my doctor if my limb is red for 10 minutes after
removing compressive garments?

Yes

Yes

No

No

Redness is normal for up to 20 minutes after removing a
compressive garment. Use the press test to determine if the
garment was on too tight. Simply press your finger into your
limb and watch for it to turn white under your finger, It should
then return back to red in three seconds. If it takes longer than
three seconds, then you should apply the compressive garment
with less tension, or leave off the garment and contact your
prosthetist if you are unable to lessen the compression.
19. I should wash my compressive garments every day?

No

Unlike your liner and limb, you need to only wash your
compressive garments on a weekly basis unless they are visibly
soiled. Over-washing these garments can lead to their
premature breakdown.
20. I should inspect my skin at least twice a day?

Yes

You should inspect your limb at the very least twice a day, but
preferably more. Inspect your skin at regular intervals by
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removing your compressive garments and inspecting the skin
for indications of breakdown.
21. I should clean any areas of oozing around my surgical site?
You should NOT have any oozing from a healed surgical site
on your limb. If you notice any oozing, contact your doctor to
have it evaluated. Do not attempt to treat it yourself.
22. I should place a bandage over any abrasion that form on my
residual limb from wearing my prosthesis?
You should not have any abrasions on your limb.
Understanding why the abrasions are developing is more
important than treating the wound with a band-aid. Contact
your doctor about the wounds.
23. I should take un-prescribed over the counter pain medication if
my limb is causing me discomfort?

No

No

No

Do not take any medication unless you have been explicitly
told to do so by your doctor. The medication may have
unwanted side-effects. If your residual limb is causing you
discomfort, speak with your doctor about why this occurring
and treatment options.
24. I should call my doctor if I notice a pimple on my limb?

Yes

A pimple could indicate a simple hygiene issue or I could be
more serious. Contact your doctor rather than attempting to
treat it yourself.
25. I should wash my limb every other day?

No

Since your limb is healed, you should be washing it like any
other portion of your body. Special attention to the creases and
wrinkles should be performed. It should be washed on a daily
basis.
26. I should call my doctor if I notice redness/discoloration around
my surgical site?
Redness and discoloration can indicate complications in
healing. Have your doctor inspect the wound as soon as
possible.
27. I should spend as much time as possible on my stomach when
lying down?
Lying down on your stomach, called prone lying, is the most
effective way to get a stretch in the muscles of the limb. Speak

Yes

Yes
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with your physical therapist about strategies to achieve and
maintain this position.

28. I should keep my knee straight when sitting or lying down?
(skip if not applicable)
Keeping the knee straight will prevent a knee flexion
contracture. This is very important to make the wearing of
your prosthesis more comfortable. Speak to your physical
therapist for instructions on how to perform.
29. I should massage my limb once a week?
Limb massage should occur twice a day, not once a week. It is
important to massage the limb so you can desensitize it from
pressure, stretch, and rubbing. Speak with your physical
therapist about how to massage your limb.
30. I should maintain night lights in my bedroom, hallways, and
bathroom?
Many falls occur at night because of poor lighting. Maintain
night lights throughout your home to improve visibility during
low-light situations.
31. I should wash my limb once a week?
Since your limb is healed, you should be washing it like any other
portion of your body. Special attention to the creases and wrinkles
should be performed. It should be washed on a daily basis.
32. I should sit for 30 seconds before going to the bathroom in the
middle of the night?

Yes

No

Yes

No

Yes

Sitting at the edge of bed will decrease the chances you will
attempt to get up and walk without an assisted device or your
prosthesis. Falls frequently happen at night when an individual
forgets they are missing a portion of their limb.
33. I should remove my prosthesis when sleeping?

Yes

The prosthesis is not designed to be slept in. Wear a
compressive garment instead.
34. I should clean my liner every day?

Yes
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Cleaning your liners with warm water and soap, alcohol
solution, or any other recommended cleaning solution by your
prosthetist should be done on a daily basis.
35. I should clean my liner with a lint free cloth and a diluted
bleach solution?

No

Do not use bleach on your liners as it can break them down
prematurely. Use warm water and soap or another approved
cleaning technique by your prosthetist. Always use lint free
cloths as the liners can attract lint.
36. I should dry my liner overnight after washing?

Yes

Dry your liner overnight to ensure that no moisture remains in
the liner.
37. I should hang my liner over a coat hanger to dry?

No

Folding of the liner will cause breakdown of the silicon.
Instead, dry your liner with a lint free cloth then allow the liner
to dry with the fabric to outside. If the silicon side is left facing
out, it may attract unwanted debris which can harm your limb.
38. I should clean my liner every other day?

No

Cleaning your liners with warm water and soap, alcohol solution,
or any other recommended cleaning solution by your prosthetist
should be done on a daily basis.
39. I should put oily lotion on my limb before wearing my liner?

No

Only put lotion on your limb when you have at least 8 hours
before wearing your prosthesis. The best time to apply lotion
would be before bed.
40. I should stop wearing my prosthesis if I have a wound on my
limb?
Speak to your prosthetist if you develop a wound on your limb.
It could be related to several factors, and your prosthetist will
be able to determine the best course of action. Never wear
your limb if a wound of any sort forms.
41. I should adjust the screws on the prosthesis if I have an area of
discomfort on my limb?
Do not adjust screws of the prosthesis unless instructed to do
so by your prosthetist. If you are experiencing limb
discomfort, speak to your prosthetist and they can adjust the
prosthesis.

Yes

No
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42. I should tighten the screws on the prosthesis if it is making
noise?

No

Your prosthesis should not make noise. If you detect a sound
that is different from its normal function, contact your
prosthetist. Do not attempt to tighten any screws.
43. I should inspect my skin before placing my prosthesis on?

Yes

Inspect your skin before and after wearing your prosthesis.
When you are first learning to use your prosthesis, you should
inspect your skin during its use as well.
44. I should inspect my skin after removing my prosthesis?

Yes

Inspect your skin before and after wearing your prosthesis.
When you are first learning to use your prosthesis, you should
inspect your skin during its use as well.
45. I should experience swelling or shrinking in my limb?

Yes

Inspect your skin before and after wearing your prosthesis.
When you are first learning to use your prosthesis, you should
inspect your skin during its use as well.
46. …use a scented deodorant if my limb sweats or smells during
the day?
Use only unscented products. Speak with your prosthetist
about an appropriate solution for your issue. Smell is due to
hygiene issues and can be resolves through regular cleaning of
liners and limb. Sweating can be prevented by using an antiperspirant, which should not contain any perfumes. Any topical
product should be tested on an area of skin before applied to
the entire limb.
47. I should clean my liner every week?

No

No

Cleaning your liners with warm water and soap, alcohol solution,
or any other recommended cleaning solution by your prosthetist
should be done on a daily basis.

48. I should pad or cushion my prosthetic socket when if I feel pain
when wearing my prosthesis?
Speak with your prosthetist if there is an area of pain on your
limb. Padding it may make the problem worse.

No
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49. When wearing my prosthesis, I should walk only in the shoes
my prosthetist aligned the prosthesis to?
Your prosthesis is aligned to a specific heel height. Speak to
your prosthetist about your footwear options.
50. When wearing my prosthesis, I should have mild pain or
discomfort while walking?
Walking with a prosthesis should not be painful. If you have
attempted to adjust your fit by adding/removing socks, and you
still feel discomfort, leave the prosthesis off and contact your
prosthetist.
51. When wearing my prosthesis, I should experience small
blisters on my limb from the pressure?
You should not experience small blisters or breakdown on your
limb from wearing your prosthesis. Contact your prosthetist if
you notice this occurring. Leave the prosthesis off.
52. When wearing my prosthesis, I should have discomfort on my
limb after it is removed?
Your limb should not be in discomfort after removing the
prosthesis. If you experience this, inspect your skin, adjust
your fit, and if this does not resolve the issue leave the
prosthesis off and contact your prosthetist.
53. When wearing my prosthesis, I should tape any cracks that
form in the socket?
If you notice any element of your prosthesis is broken or
damaged, leave it off and contact your prosthetist. Never
attempt any self-repairs.
54. When wearing my prosthesis, I should remove it and inspect
my skin if I feel discomfort?
If you experience any discomfort on your limb, remove the
prosthesis, inspect your limb, and adjust the fit of your
prosthesis as needed. If you notice skin breakdown or irritation,
discontinue wearing the prosthesis and contact your prosthetist.
55. When wearing my prosthesis, I should have bruises on my limb
after walking long distances?
Skin discoloration or bruising is not normal. Contact your
prosthetist if you have tried adjusting your fit and you continue
to have bruising.

No

No

No

No

No

Yes

No
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56. I should call my prosthetist if I feel pressure at the end of my
limb when walking?
Pressure at the end of the limb is normal. This is different from
pain. By wearing the right number of socks or other prescribed
components you can reduce the pressure sensation. If the fit is
correct and you still feel pressure that exceeds your expected
level of comfort, discontinue wearing the prosthesis and
contact your prosthetist.
57. I should call my prosthetist if my limb is red for up to 20
minutes after removing my prosthesis?
20 minutes or less is generally considered normal after
removing a prosthesis. If it lasts greater than this period, it
could be that the prosthesis was on too tight or that you are
having a reaction to the liner. If you notice redness that
persists beyond the expected period of time, or differs from
your normal redness, discontinue wearing the prosthesis and
contact your prosthetist.
58. I should call my prosthetist if there is one small area of redness
over a bone?
Redness should be distributed over the limb evenly, and not
focused over bony areas. If you notice this, and you have
attempted to adjust your fit, discontinue wearing the prosthesis
and contact your clinician.
59. I should call my prosthetist if I cannot wear my prosthesis due
to pain?
If you experience pain in the limb that prevents wearing the
prosthesis, discontinue wearing it and call your prosthetist.
Interview questions:
What is your overall opinion of the measure?
Why did you recommend to delete item numbers ####?
What revisions did you recommend for item numbers #####?
Any other changes you would make?
Any other recommendations?

No

No

Yes

Yes
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Appendix G: Face Validation Questionnaire
Instructions: Place a check in the box next to each question. Please choose only one response.
This assessment…
Question
…is organized in a clear manner?
…uses language that was easy to
understand?
…had easy to understand answers
to the questions?
…had factually correct answers to
the questions?
…can help a person with lower limb
loss communicate issues to a
prosthetist?
…can identify knowledge gaps in
a person with lower limb loss?
…could be used to evaluate a
person with lower limb loss who has
issues with their residual limb skin
integrity?
…would be valuable to be
completed by a new prosthetic user
(less than 3 months of wearing)?
…would be valuable to be
completed by a person with lower
limb loss before they received their
prosthesis?
…would be valuable to be
completed by an experienced
prosthetic user who is experiencing
issues with their limb?

Strongly Agree Neutral Disagree Strongly
Agree
Disagree
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Appendix H: S.M.A.R.T.-60
Should I…
1.
2.
3.
4.
5.
6.
7.

…wash my limb every day?
…wash my residual limb with hot water and soap?
…apply non-oily lotion to my residual limb every day?
…shave my residual limb before placing my liner on?
…cover my residual limb in a compressive garment while awake?
…cover my residual limb in a compressive garment while sleeping?
…feel a throbbing sensation in my residual limb when in the
compressive garment?
8. …call my prosthetist if the end of my residual limb remains red for
10 minutes after removing the compression?
9. …wash my compressive garments every day?
10. …inspect my skin, or have someone else inspect my skin, at least
twice a day?
11. …clean any areas of oozing around my surgical site?
12. …take un-prescribed over the counter pain medicine if my residual
limb is causing me discomfort?
13. ...call my doctor if I notice any change in color or texture on my
residual limb?
14. …wash my residual limb every other day?

YES
YES
YES
YES
YES
YES
YES

NO
NO
NO
NO
NO
NO
NO

IDK
IDK
IDK
IDK
IDK
IDK
IDK

15. …call my doctor if I notice redness/discoloration around my
surgical site?
16. …spend 20-30 minutes on my stomach a day when lying down (if
allowed)?
17. …keep my knee straight when sitting or lying down? (skip if not
applicable)
18. …massage my residual limb once a week?
19. …maintain night lights in my bedroom, hallways, and bathroom?
20. …wash my residual limb once a week?
21. …sit for 30 seconds before walking to the bathroom in the middle of
the night?
22. …remove my prosthesis when taking a shower or bath?
23. …shave my residual limb?
24. …wear my prosthesis as long as I like during the day?
25. …be able to do whatever activity I would like with my prosthesis?
26. …be able to use the prosthesis for swimming, or to wade in water
at a pool/lake?

YES NO IDK

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK

YES NO IDK
YES NO IDK
YES
YES
YES
YES

NO
NO
NO
NO

IDK
IDK
IDK
IDK

YES
YES
YES
YES
YES

NO
NO
NO
NO
NO

IDK
IDK
IDK
IDK
IDK
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27. …inspect my skin at least twice a day by removing my prosthesis?
28. …trim my liner and socks if they bunch up at the top?
29. …call my prosthetist if I must wear 15-ply of socks to fit in my
prosthesis?
30. …add an additional 1-ply prosthetic sock if the fit feels loose?
31. …remove a 1-ply prosthetic sock if the fit feels too tight?
32. …remove my prosthesis when sleeping?
33. …clean my liner every day?
34. …clean my liner with a lint free cloth and a diluted bleach solution?
35. …dry my liner overnight in a liner stand before wearing the next
day?
36. …fold my liner over a coat hanger to dry?
37. …clean my liner every other day?
38. …put a non-silicon lotion on my residual limb before wearing my
liner?
39. …stop wearing my prosthesis if I have a wound on my residual
limb?
40. …adjust the screws on the prosthesis if I have an area of discomfort
on my residual limb?
41. …tighten the screws on the prosthesis if it is making noise?
42. …inspect my skin before placing putting my prosthesis on?
43. …inspect my skin after removing my prosthesis?
44. …experience swelling or shrinking of my residual limb?
45. …use a non-prescribed deodorant on my residual limb if it is
sweating/smells bad?
46. …clean my liner every week?
47. …place a bandage over any irritation that forms on my residual limb
from wearing my prosthesis?
48. …pad or cushion my prosthetic socket if I feel pain when wearing
my prosthesis?

YES NO IDK
YES NO IDK
YES NO IDK
YES
YES
YES
YES
YES
YES

NO
NO
NO
NO
NO
NO

IDK
IDK
IDK
IDK
IDK
IDK

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES
YES
YES
YES
YES

NO
NO
NO
NO
NO

IDK
IDK
IDK
IDK
IDK

YES NO IDK
YES NO IDK
YES NO IDK

When wearing my prosthesis, should I:
49. …walk only in the shoes my prosthetist has approved for my
prosthesis?
50. …have mild pain or discomfort while walking?
51. …experience small blisters on my residual limb from the prosthetic
socket?
52. …have discomfort on my residual limb after it is removed?

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
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53. …repair any cracks that form in the socket rather than calling the
prosthetist?
54. …remove it and inspect my skin if I feel discomfort or an abnormal
sensation?
55. …have bruises or skin discoloration on my residual limb after
walking long distances?

YES NO IDK
YES NO IDK
YES NO IDK

Should I call my prosthetist if…
56. … I feel pressure at the end of my residual limb when walking?
57. …my residual limb is red for 10 minutes after removing my
prosthesis?
58. … there is one small area of redness over a bone?
59. … I cannot wear my prosthesis due to pain?
60. … I feel there is excessive movement or slipping within the socket?

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK

Answer Key:
1. Should I wash my residual limb every day?

Yes

Since your residual limb is healed, you should be washing it like any other
portion of your body. Special attention to the creases and wrinkles should be
given to ensure that all areas of the residual limb are cleansed.
2. Should I wash my residual limb with hot water and soap?

No

The water should be warm, not hot. Hot water could result in a burn. You
should use soap, but a hypo-allergenic non-scented soap is recommended. A
non-scented soap may smell very faintly, but it is not heavily perfumed or
recognizable as any other scent other than soap. Ask your prosthetist if you
are unsure.
3. Should I apply non-oily lotion to my residual limb every day?

Yes

Lotion your residual limb the same way you would any other part of your
body. A non-greasy lotion is recommended before you go to bed. Never put
lotion on before you put your prosthetic liner on as it can cause slipping,
unless specified by your prosthetist.
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4. Should I shave my residual limb before placing my liner on? (skip if you
completed section B)

No

You do not want to shave your residual limb unless explicitly instructed to do
so. The risk of injury or infection to the residual limb is too great. Many
people who have diabetes or vascular issues should never shave their residual
limbs unless instructed. If you are allowed to shave your residual limb, do so
at least 10 hours before wearing your prosthesis.
5. Should I cover my residual limb in a compressive garment while awake?

Yes

You should wear your compressive garments at all times, except for showering
or during changing of the garments. The garments maintain the volume of the
residual limb and help shape it. If you are unsure on how to safely apply and
wear your compressive garment, speak to your prosthetist.
6. Should I cover my residual limb in a compressive garment while sleeping?

Yes

You should wear your compressive garments at all times, except for showering
or during changing of the garments. The garments maintain the volume of the
residual limb and help shape it. If you are unsure on how to safely apply and
wear your compressive garment, speak to your prosthetist.
7. Should I feel a throbbing sensation in my residual limb when in the
compressive garment?
A throbbing sensation may indicate that the compressive garment is on too
tight. Remove the garment and try reapplying with less tension. If the
throbbing continues, discontinue wearing the garment and contact your
prosthetist.
8. Should I call my doctor if my residual limb is red for 10 minutes after
removing compressive garments?
Redness is normal for up to 20 minutes after removing a compressive garment.
Use the press test to determine if the garment was on too tight. Simply press
your finger into your residual limb and watch for it to turn white under your
finger. It should then return back to red in 3-5 seconds. If it takes longer than
five seconds, then you should apply the compressive garment with less
tension, or leave off the garment and contact your prosthetist if you are unable
to lessen the compression.
9. Should I wash my compressive garments every day?
Unlike your liner and residual limb, you need to only wash your compressive
garments on a weekly basis unless they are visibly soiled. Over-washing these
garments can lead to their premature breakdown.
10. Should I inspect my skin, or have someone else inspect my skin, at least twice
a day?

No

No

No

Yes
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You should inspect your residual limb at the very least twice a day, but
preferably more. Inspect your skin at regular intervals by removing your
compressive garments and inspecting the skin for indications of breakdown.
11. Should I clean any areas of oozing around my surgical site?
You should NOT have any oozing from a healed surgical site on your residual
limb. If you notice any oozing, contact your doctor to have it evaluated. Do
not attempt to treat it yourself.
12. Should I take a non-prescribed over the counter pain medication if my residual
limb is causing me discomfort?
Do not take any medication unless you have been explicitly told to do so by
your doctor. The medication may have unwanted side-effects. If your residual
limb is causing you discomfort, speak with your doctor about why this
occurring and treatment options.
13. Should I call my doctor if I notice any change in color or texture of my
residual limb?
A pimple could indicate a simple hygiene issue or I could be more serious.
Contact your doctor rather than attempting to treat it yourself.
14. Should I wash my residual limb every other day?
Since your residual limb is healed, you should be washing it like any other
portion of your body: daily, not every other day. Special attention to the
creases and wrinkles should be performed.
15. Should I call my doctor if I notice redness/discoloration around my surgical
site?
Redness and discoloration can indicate complications in healing. Have your
doctor inspect the wound as soon as possible.
16. Should I spend 20-30 minutes on my stomach a day when lying down (if
allowed)?
Lying down on your stomach, called prone lying, is the most effective way to
get a stretch in the muscles of the residual limb. Speak with your physical
therapist about strategies to achieve and maintain this position.
17. Should I keep my knee straight when sitting or lying down? (skip if not
applicable)
Keeping the knee straight will prevent a knee flexion contracture. This is very
important to make the wearing of your prosthesis more comfortable. Speak to
your physical therapist for instructions on how to perform.
18. Should I massage my residual limb once a week?

No

No

Yes

No

Yes

Yes

Yes

No
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Residual limb massage should occur twice a day, not once a week. It is
important to massage the residual limb so you can desensitize it from pressure,
stretch, and rubbing. Speak with your physical therapist about how to massage
your residual limb.
19. Should I maintain night lights in my bedroom, hallways, and bathroom?

Yes

Many falls occur at night because of poor lighting. Maintain night lights
throughout your home to improve visibility during low-light situations.

20. Should I wash my residual limb once a week?
Since your residual limb is healed, you should be washing it like any other
portion of your body. Special attention to the creases and wrinkles should be
performed. It should be washed on a daily basis.
21. Should I sit for 30 seconds before going to the bathroom in the middle of the
night?

No

Yes

Sitting at the edge of bed will decrease the chances you will attempt to get up
and walk without an assisted device or your prosthesis. Falls frequently
happen at night when an individual forgets they are missing a portion of their
residual limb.
22. Should I remove my prosthesis when taking a shower or bath?

Yes

As a newer prosthetic user (less than 3 months), you will be in a temporary
prosthesis. This type of prosthesis is not designed to get wet. When showering
or bathing, you should remove the prosthesis and any underlying garments
(liners, socks) before taking a shower or bath. Speak with your prosthetist
about your permanent prosthesis and if it can get wet.
23. Should I shave my residual limb?

No

As a newer prosthetic user (less than 3 months), you do not want to shave your
residual limb unless explicitly instructed to do so. The risk of injury or
infection to the residual limb is too great. Many people who have diabetes or
vascular issues should never shave their residual limbs unless instructed.
24. Should I wear my prosthesis as long as I like?

No

You should wear gradually into your prosthesis. A general rule is to start with
1 hour a day of total wearing time, spending 50% of the time walking or
moving and the other 50% resting with prosthesis on. You can add 1 hour a
day every day, maintaining the ratio, until you demonstrate the necessary skin
integrity to wear it as long as you like. Skin inspections must be performed
before/after/during wearing the prosthesis.
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25. Should I be able to do whatever activity I would like with my prosthesis?

No

The temporary prosthesis may not be designed to perform certain demanding
activities. This could limit your performance or result in an injury. Speak
with your prosthetist about the limitations of your temporary prosthesis.

26. Should I be able to use the prosthesis for swimming, or to wade in water at a
pool/lake?

No

As a newer prosthetic user (less than 3 months), you will be in a temporary
prosthesis. This type of prosthesis is not designed to get wet. When swimming
you should remove the prosthesis and any underlying garments (liners, socks).
Speak with your prosthetist about a prosthesis that can be used for swimming.
27. Should I inspect my skin at least twice a day by removing my prosthesis?

Yes

As a newer prosthetic user (less than 3 months), you will want to inspect your
residual limb at regular intervals to ensure skin integrity. During the first
week, every 30 minutes to an hour is recommended. After you are wearing the
prosthesis for four hours with issue, then inspect the skin every four hours
until 2 weeks of no skin breakdown is detected.
28. Should I trim my liner and socks if they bunch up at the top?

No

Do not cut or modify any elements of your prosthesis or supporting garments.
They are very expensive and must retain a certain length to function. Speak
with your prosthetists if you have concerns with the length of the liners and
socks.
29. Should I call my prosthetist if I must wear 15-ply of socks to fit in my
prosthesis?

Yes

It is normal to wear anywhere from 1-15 ply of socks during the first few
months. After you are wearing 15 ply or more, you should contact your
prosthetist as this is a sign of your residual limb maturing and the socket may
need to be remolded.
30. Should I add an additional 1-ply prosthetic sock if the fit feels loose?

Yes

It is important you detect and correct any changes in your residual limb
volume throughout the day. Adding socks is a normal part of the process.
Add as few as you need to ensure a comfortable fit.
31. Should I remove a 1-ply prosthetic sock if the fit feels too tight?

Yes

It is important you detect and correct any changes in your residual limb
volume throughout the day. Removing socks is a normal part of the process.
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Remove as few as you need to ensure a comfortable fit. If your residual limb is
very swollen and cannot fit in your prosthesis, contact your prosthetist and
leave the prosthesis off.
32. Should I remove my prosthesis when sleeping?

Yes

The prosthesis is not designed to be slept in. Wear a compressive garment
instead.
33. Should I clean my liner every day?

Yes

Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis. You should have two liners so that when one is drying off you can wear
the other.
34. Should I clean my liner with a lint free cloth and a diluted bleach solution?

No

Do not use bleach on your liners as it can break them down prematurely. Use
warm water and soap or another approved cleaning technique by your
prosthetist. Always use lint free cloths as the liners can attract lint.
35. Should I dry my liner overnight after washing?

Yes

Dry your liner overnight to ensure that no moisture remains in the liner.
36. Should I fold my liner over a coat hanger to dry?

No

Folding of the liner will cause breakdown of the silicon. Instead, dry your
liner with a lint free cloth then allow the liner to dry with the fabric to outside.
If the silicon side is left facing out, it may attract unwanted debris which can
harm your residual limb.

37. Should I clean my liner every other day?

No

Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis.
38. Should I put non-silicon lotion on my residual limb before wearing my liner?

No

Only put lotion on your residual limb when you have at least 8 hours before
wearing your prosthesis. The best time to apply lotion would be before bed. If
your prosthetist recommends silicon lotion then follow the instructions
provided.
39. Should I stop wearing my prosthesis if I have a wound on my residual limb?

Yes

Speak to your prosthetist if you develop a wound on your residual limb. It
could be related to several factors, and your prosthetist will be able to
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determine the best course of action. Never wear your prosthetic residual limb
if a wound of any sort forms.
40. Should I adjust the screws on the prosthesis if I have an area of discomfort on
my residual limb?

No

Do not adjust screws of the prosthesis unless instructed to do so by your
prosthetist. If you are experiencing residual limb discomfort, speak to your
prosthetist and they can adjust the prosthesis.
41. Should I tighten the screws on the prosthesis if it is making noise?

No

Your prosthesis should not make noise. If you detect a sound that is different
from its normal function, contact your prosthetist. Do not attempt to tighten
any screws.
42. Should I inspect my skin before placing my prosthesis on?

Yes

Inspect your skin before and after wearing your prosthesis. When you are first
learning to use your prosthesis, you should inspect your skin during its use as
well.
43. Should I inspect my skin after removing my prosthesis?

Yes

Inspect your skin before and after wearing your prosthesis. When you are first
learning to use your prosthesis, you should inspect your skin during its use as
well.
44. Should I experience swelling or shrinking of my residual limb?

Yes

It is normal for the residual limb to change in volume throughout the day.
Typically, the residual limb will be more swollen if you are retaining fluid, are
leaving the residual limb dangling, or fail to wear a compressive garment. If
you notice the residual limb becomes very swollen or changes in shape
drastically, please consult your prosthetist immediately.
45. Should I use an unprescribed deodorant on my residual limb if it is
sweating/smells bad?
Use only unscented products. Speak with your prosthetist about an
appropriate solution for your issue. Smell is due to hygiene issues and can be
resolves through regular cleaning of liners and residual limb. Sweating can be
prevented by using an anti-perspirant, which should not contain any perfumes.
Any topical product should be tested on an area of skin before applied to the
entire residual limb.
46. Should I clean my liner every week?
Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis.

No

No
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47. Should I place a bandage over any irritation that forms on my residual limb
from wearing my prosthesis?
You should not have any abrasions on your residual limb. Understanding why
the abrasions are developing is more important than treating the wound with a
band-aid. Contact your doctor about the wounds.
48. Should I pad or cushion my prosthetic socket when if I feel pain when wearing
my prosthesis?
Speak with your prosthetist if there is an area of pain on your residual limb.
Padding it may make the problem worse. Only the prosthetist should modify
the prosthesis.
49. When wearing my prosthesis, should I walk only in the shoes my prosthetist
aligned the prosthesis to?
Your prosthesis is aligned to a specific heel height. Speak to your prosthetist
about your footwear options. Changing heel heights by wearing different
shoes may influence the performance of your prosthesis.
50. When wearing my prosthesis, should I have mild pain or discomfort while
walking?
Walking with a prosthesis should not be painful. If you have attempted to
adjust your fit by adding/removing socks, and you still feel discomfort, leave
the prosthesis off and contact your prosthetist.
51. When wearing my prosthesis, should I experience small blisters on my
residual limb from the pressure?
You should not experience small blisters or breakdown on your residual limb
from wearing your prosthesis. Contact your prosthetist if you notice this
occurring. Leave the prosthesis off.
52. When wearing my prosthesis, should I have discomfort on my residual limb
after it is removed?
Your residual limb should not be in discomfort after removing the prosthesis.
If you experience this, inspect your skin, adjust your fit, and if this does not
resolve the issue leave the prosthesis off and contact your prosthetist.
53. When wearing my prosthesis, should I tape any cracks that form in the socket?

No

No

No

No

No

No

No

If you notice any element of your prosthesis is broken or damaged, leave it off
and contact your prosthetist. Never attempt any self-repairs.
54. When wearing my prosthesis, should I remove it and inspect my skin if I feel
discomfort?
If you experience any discomfort on your residual limb, remove the prosthesis,
inspect your residual limb, and adjust the fit of your prosthesis as needed. If

Yes
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you notice skin breakdown or irritation, discontinue wearing the prosthesis
and contact your prosthetist.
55. When wearing my prosthesis, should I have bruises on my residual limb after
walking long distances?
Skin discoloration or bruising is not normal. Contact your prosthetist if you
have tried adjusting your fit and you continue to have bruising.
56. Should I call my prosthetist if I feel pressure at the end of my residual limb
when walking?
Pressure at the end of the residual limb is normal. This is different from pain.
By wearing the right number of socks or other prescribed components you can
reduce the pressure sensation. If the fit is correct and you still feel pressure
that exceeds your expected level of comfort, discontinue wearing the
prosthesis and contact your prosthetist.
57. Should I call my prosthetist if my residual limb is red for up to 10 minutes
after removing my prosthesis?

No

No

No

20 minutes or less is generally considered normal after removing a prosthesis.
If it lasts greater than this period, it could be that the prosthesis was on too
tight or that you are having a reaction to the liner. If you notice redness that
persists beyond the expected period of time, or differs from your normal
redness, discontinue wearing the prosthesis and contact your prosthetist.
58. Should I call my prosthetist if there is one small area of redness over a bone?

Yes

Redness should be distributed over the residual limb evenly, and not focused
over bony areas. If you notice this, and you have attempted to adjust your fit,
discontinue wearing the prosthesis and contact your clinician.
59. Should I call my prosthetist if I cannot wear my prosthesis due to pain?

Yes

If you experience pain in the residual limb that prevents wearing the
prosthesis, discontinue wearing it and call your prosthetist.
60. Should I call my prosthetist if I feel there is excessive movement or slipping
within the socket?
The first step would be to adjust sock ply if applicable so that you can get a
tighter fit. If you have tried this, and are exceeding approximately 15 ply of socks
and if is still not adequate, then you should contact your prosthetist.

No
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Appendix I: Instruction Sheet
Instructions:
The purpose of this questionnaire is to assess your understanding about care of your residual
limb and prosthesis. The terms and procedures you are not familiar with will be explained.
Please circle your response to each question.
If you are not sure of the correct response, please do NOT guess.
“YES”
“NO”
“IDK” = “I DON’T KNOW”; Choose if you are not confident in the “Yes” or “No” response.
To assist you with the more technical terms in this questionnaire the following provides a brief
description of the terms:
Residual limb: the remaining part of your thigh or leg (lower residual limb) that your prosthetic
socket is worn.
Surgical site: location on your thigh or leg where the sutures or stiches were.
Healing: a healing lower residual limb still has sutures or skin with scabs from surgery. A
healing residual limb should not wear a socket.
Healed: A healed lower residual limb will not have any sutures or skin with scabs at the surgical
site. This residual limb may be ready wear a prosthetic socket.
Compressive garment: A compressive garment has several names, elastic wrap, shrinker, Tubigrip, elastic sleeve and is provided by your doctor, physical therapist, or prosthetist to reduce the
swelling of your residual limb.
“Socket fit”: the interface or relationship between your residual limb and the prosthetic socket.

Source: http://www.physio-pedia.com
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Appendix J: Demographic Sheet Phase 3 & 4
Age (circle one): 18-25 26-35 36-45 46-55 56-65
Gender (circle one): Male

66-75

76-85

86-96

96+

Female

Education level (circle one): High School Some College College Graduate Graduate School
Level (circle all that apply): Symes Below knee Knee disarticulation Above knee Hip disartic.
Side (circle one):

Right

Left

Both (please write an R or L next to the level)

Reason for limb loss (circle one. If bilateral, please write an R or L next to the reason):
Diabetes

Vascular (non-diabetic)

Trauma

Cancer

Infection

Other

If other, please explain: ____________________________________
Date of first amputation: Month____________ Year____________ Side if bilateral__________
Date of last revision: Month____________ Year____________ Side if bilateral___________
When did you receive your first prosthesis(es)? Month____________ Year____________
How many prostheses have you received in your lifetime (please circle): 1
Months or Years of prosthesis use: ______________

2

3

4

5+

months/ years (circle one)

How many hours per day do you typically wear your prosthesis/es? ________________ hours
Do you require help to get your prosthesis on most days?
Socket type on current prosthesis: socket w/ suction
Type of foot: SACH

Flexible keel

Yes

No

socket w/ pin socket w/ strap

Dynamic response Microprocessor

Unknown

Other

If unknown, what is the product’s name:__________________________
If other:_________________________
Type of knee (if applicable): Single axis

Multi axial

Microprocessor

Unknown

Other

If unknown, what is the product’s name:__________If other:_________________________
K level (circle one):

1

2

3

4

Unknown
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Appendix K: Modified REALM-SF

Date

Examiner

Grade completed

Antibiotics
Exercise
Jaundice
Anemia
Behavior

Instructions for Administering the REALM-SF
1.

Give the patient a laminated copy of the REALM-SF form and score answers on an unlaminated copy that is
attached to a clipboard. Hold the clipboard at an angle so that the patient is not distracted by your scoring. Say:

"I want to hear you read as many words as you can from this list.
Begin with the first word and read aloud. When you come to a word
you cannot read, do the best you can or say, 'blank' and go on to the
next word."
2.

If the patient takes more than 5 seconds on a word, say "blank" and point to the next word, if
necessary, to move the patient along. If the patient begins to miss every word, have him or her
pronounce only known words.
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Appendix L: S.M.A.R.T- CE
Question
1. Should I wash my limb every day?
2. Should I wash my residual limb with hot water and soap?
3. Should I shave my residual limb before placing my liner on?
4. Should I cover my residual limb in a compressive garment while awake?
5. Should I cover my residual limb in a compressive garment while
sleeping?
6. Should I feel a throbbing sensation in my residual limb when in the
compressive garment?
7. Should I inspect my skin, or have someone else inspect my skin, at least
twice a day?
8. Should I call my doctor if I notice any change in color or texture on my
residual limb?
9. Should I wash my residual limb every other day?
10. Should I call my doctor if I notice redness/discoloration around my
surgical site?
11. Should I spend 20-30 minutes on my stomach a day when lying down (if
allowed)?
12. Should I keep my knee straight when sitting or lying down? (skip if not
applicable)

Answer
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK

13. Should I maintain night lights in my bedroom, hallways, and bathroom?
14. Should I wash my residual limb once a week?
15. Should I sit for 30 seconds before walking to the bathroom in the middle
of the night?
16. Should I remove my prosthesis when taking a shower or bath?
17. Should I shave my residual limb?
18. Should I wear my prosthesis as long as I like during the day?
19. Should I be able to do whatever activity I would like with my prosthesis?
20. Should I be able to use the prosthesis for swimming, or to wade in water
at a pool/lake?
21. Should I inspect my skin at least twice a day by removing my prosthesis?
22. Should I trim my liner and socks if they bunch up at the top?
23. Should I call my prosthetist if I must wear 15-ply of socks to fit in my
prosthesis?
24. Should I add an additional 1-ply prosthetic sock if the fit feels loose?
25. Should I remove a 1-ply prosthetic sock if the fit feels too tight?
26. Should I clean my liner every day?
27. Should I dry my liner overnight after washing?
28. Should I fold my liner over a coat hanger to dry?

YES NO IDK
YES NO IDK
YES NO IDK

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
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29. Should I clean my liner every other day?
30. Should I stop wearing my prosthesis if I have a wound on my residual
limb?
31. Should I adjust the screws on the prosthesis if I have an area of
discomfort on my residual limb?
32. Should I tighten the screws on the prosthesis if it is making noise?
33. Should I inspect my skin before placing my prosthesis on?
34. Should I inspect my skin after removing my prosthesis?
35. Should I experience swelling or shrinking of my residual limb
36. Should I clean my liner every week?
37. Should I place a bandage over any irritation that forms on my residual
limb from wearing my prosthesis?
38. Should I pad or cushion my prosthetic socket if I feel pain when wearing
my prosthesis?
39. When wearing my prosthesis, should I have mild pain or discomfort
while walking?
40. When wearing my prosthesis, should I experience small blisters on my
residual limb from the prosthetic socket?
41. When wearing my prosthesis, should I repair any cracks that form in the
socket rather than calling the prosthetist?
42. When wearing my prosthesis, should I remove it and inspect my skin if I
feel discomfort or an abnormal sensation?
43. When wearing my prosthesis, should I have bruises or skin discoloration
on my residual limb after walking long distances?
44. Should I call my prosthetist if there is one small area of redness over a
bone?
45. Should I call my prosthetist if I cannot wear my prosthesis due to pain?

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
__/45

Answer Key

1. Should I wash my residual limb every day?
Since your residual limb is healed, you should be washing it like any other
portion of your body. Special attention to the creases and wrinkles should be
given to ensure that all areas of the residual limb are cleansed. Failure to wash
your residual limb thoroughly and frequently can result in infections or rashes
that will prevent you from wearing your prosthesis. In general, hypoallergenic
soap that is fragrance free is a desirable choice for all skin types. Water should
be warm, not hot, like the temperature you use to wash the rest of your body.
After washing, the residual limb should be towel dried. Failure to wash your
residual limb on a daily basis may lead to the development of rashes or
infections.

Yes
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2. Should I wash my residual limb with hot water and soap?

No

The water should be warm, not hot. Hot water could result in a burn. You
should use soap, but a hypoallergenic fragrance-free soap is recommended for
sensitive skin. A fragrance-free soap may smell very faintly, but it is not
heavily perfumed or recognizable as any other scent other than soap. Ask your
prosthetist if you are unsure. After washing, the residual limb should be towel
dried.
3. Should I shave my residual limb before placing my liner on?

No

You do not want to shave your residual limb unless explicitly instructed to do
so. The risk of injury or infection to the residual limb is too great. Many
people who have diabetes or vascular issues should never shave their residual
limbs unless instructed. If you are allowed to shave your residual limb, do so
at least 10 hours before wearing your prosthesis. Waiting 10 hours allows the
skin to repair and will decrease the occurrence of ingrown hairs or irritation.
4. Should I cover my residual limb in a compressive garment while awake?

Yes

You should wear your compressive garments at all times, except for
showering, wearing your prosthesis, or during changing of the garments. The
garments maintain the volume of the residual limb and help shape it. If you are
unsure on how to safely apply and wear your compressive garment, speak to
your prosthetist. At a certain point your prosthetist may recommend
discontinuation of the compressive garments. Do not discontinue using until
instructed to do so. Failing to wear your compressive garment may result in
the inability to wear a prosthesis comfortably.
5. Should I cover my residual limb in a compressive garment while sleeping?

Yes

You should wear your compressive garments at all times, except for
showering, wearing your prosthesis, or during changing of the garments. The
garments maintain the volume of the residual limb and help shape it. If you are
unsure on how to safely apply and wear your compressive garment, speak to
your prosthetist. At a certain point your prosthetist may recommend
discontinuation of the compressive garments. Do not discontinue using until
instructed to do so. Failing to wear your compressive garment may result in
the inability to wear a prosthesis comfortably.
6. Should I feel a throbbing sensation in my residual limb when in the
compressive garment?
A throbbing sensation may indicate that the compressive garment is on too
tight. The compressive garment should fit snug to the skin, but not cause pain
or a feeling like it is throbbing. Remove the garment and try reapplying with
less tension. If the throbbing continues, discontinue wearing the garment and
contact your prosthetist. A compressive garment that is too tight may cause
tissue injury to the residual limb.
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7. Should I inspect my skin, or have someone else inspect my skin, at least twice
a day?
You should inspect your residual limb at the very least twice a day, but
preferably more during the first months after your surgery and when learning
to use a prosthesis. Inspect your skin at regular intervals by removing your
compressive garments if you are wearing them and inspect the skin for
indications of breakdown, irritation, discolorations, or other abnormalities. If
you have an area of concern, contact your doctor to discuss management of the
situation. Skin issues should be treated as soon as possible to prevent
complications like infection or breakdown.
8. Should I call my doctor if I notice any change in color or texture of my
residual limb?
Discoloration or changes in the texture of the residual limb may indicate that
there is an infection or other issue that may require medical attention. A
pimple or other skin change would be considered a concern as well. Call your
doctor and follow their instructions on how to care for your limb. Discontinue
prosthesis use until cleared by the doctor.
9. Should I wash my residual limb every other day?
Since your residual limb is healed, you should be washing it like any other
portion of your body. Special attention to the creases and wrinkles should be
given to ensure that all areas of the residual limb are cleansed. Failure to wash
your residual limb thoroughly and frequently can result in infections or rashes
that will prevent you from wearing your prosthesis. In general, hypoallergenic
soap that is fragrance free is a desirable choice for all skin types. Water should
be warm, not hot, like the temperature you use to wash the rest of your body.
After washing, the residual limb should be towel dried.
10. Should I call my doctor if I notice redness/discoloration around my surgical
site?
Redness and discoloration can indicate complications in healing. If you notice
changes in your skin that have appeared around the surgical site, or elsewhere
on your residual limb, contact your doctor. Discontinue using your prosthesis
until instructed to use it again. Failing to contact the doctor and discontinue
prosthesis use may result in injury to the limb.
11. Should I spend 20-30 minutes on my stomach a day when lying down (if
allowed)?
Lying down on your stomach, called prone lying, is the most effective way to
get a stretch in the muscles of the residual limb and surrounding joints. Speak
with your physical therapist about strategies to achieve and maintain this
position. The more flexible the residual limb and joints are, the easier it will be
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to use the prosthesis. If flexibility is not maintained, you may not be able to
use your prosthesis functionally.
12. Should I keep my knee straight when sitting or lying down? (skip if not
applicable)

Yes

Keeping the knee straight will prevent a knee flexion contracture. Even after
you have been wearing a prosthesis for a long time, it is a good idea to make
sure you are stretching the muscles behind the knee to prevent loss of
flexibility. This is very important to make the wearing of your prosthesis more
comfortable. If your knee becomes contracted, you may not be able to wear
your prosthesis. Speak to your physical therapist for instructions on how to
perform stretches.
13. Should I maintain night lights in my bedroom, hallways, and bathroom?

Yes

Many falls occur at night because of poor lighting. Maintain night lights
throughout your home to improve visibility during low-light situations. The
most common places for falls are thresholds between rooms, the bedroom, and
the bathroom. Not having proper lighting increases your risk of falling and
injuring yourself.
14. Should I wash my residual limb once a week?

No

Since your residual limb is healed, you should be washing it like any other
portion of your body. Special attention to the creases and wrinkles should be
given to ensure that all areas of the residual limb are cleansed. Failure to wash
your residual limb thoroughly and frequently can result in infections or rashes
that will prevent you from wearing your prosthesis. In general, hypoallergenic
soap that is fragrance free is a desirable choice for all skin types. Water should
be warm, not hot, like the temperature you use to wash the rest of your body.
After washing, the residual limb should be towel dried.
15. Should I sit for 30 seconds before going to the bathroom in the middle of the
night?
Sitting at the edge of bed will decrease the chances you will attempt to get up
and walk without an assisted device or your prosthesis. Falls frequently
happen at night when an individual forgets they are missing a portion of their
residual limb. It also allows sometime to allow blood pressure normalization
and situational awareness. Failure to sit for at least 30 seconds can result in a
fall or injury.
16. Should I remove my prosthesis when taking a shower or bath?
The answer is yes unless you have specifically had a prosthesis designed to get
wet. Newer prosthetic users will be in a temporary prosthesis. This type of
prosthesis is not designed to get wet. When showering or bathing, you should
remove the prosthesis and any underlying garments (liners, socks) before
taking a shower or bath. Speak with your prosthetist about your permanent
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prosthesis and if it can get wet. Getting your prosthesis wet may cause damage
to the components and failure of the device.
17. Should I shave my residual limb?

No

You do not want to shave your residual limb unless explicitly instructed to do
so. The risk of injury or infection to the residual limb is too great. Many
people who have diabetes or vascular issues should never shave their residual
limbs unless instructed. If you are allowed to shave your residual limb, do so
at least 10 hours before wearing your prosthesis. Waiting 10 hours allows the
skin to repair and will decrease the occurrence of ingrown hairs or irritation.
18. Should I wear my prosthesis as long as I like during the day?

No

You should wear gradually into your prosthesis. A general rule is to start with
1 hour a day of total wearing time, spending 50% of the time walking or
moving and the other 50% resting with prosthesis on. You can add 1 hour a
day every day, maintaining the ratio, until you demonstrate the necessary skin
integrity to wear it as long as you like. Skin inspections must be performed
before/after/during wearing the prosthesis. Everyone is different, so consult
with your prosthetist and design a wearing schedule appropriate for you.
Failure to respect the wearing schedule can result in skin breakdown or tissue
injury.
19. Should I be able to do whatever activity I would like with my prosthesis?

No

If you are in your temporary prosthesis then not all activities are appropriate.
The temporary prosthesis may not be designed to perform certain demanding
activities, like jumping, running, swimming, or weightlifting. Attempting these
activities in a temporary prosthesis could limit your performance or result in
an injury. Speak with your prosthetist about the limitations of your temporary
prosthesis.
If you are I your permanent prosthesis, it is important to know that there are
specific weight and performance limits to your particular model. It is best to
speak with your prosthetist and define what you can and cannot safely do with
your prosthesis. The prosthesis may break or cause you injury if you exceed its
capabilities.
20. Should I be able to use the prosthesis for swimming, or to wade in water at a
pool/lake?
If you are in your temporary prosthesis then not all activities are appropriate.
This type of prosthesis is not designed to get wet. Additionally, sand and salt
water may damage the prosthesis. If approved to swim, remove the prosthesis
and any underlying garments (liners, socks). Speak with your prosthetist about
a prosthesis that can be used for swimming and what water environments are
allowed. Otherwise, the prosthesis may be damaged and fail to function as it is
designed.
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21. Should I inspect my skin at least twice a day by removing my prosthesis?

Yes

A newer prosthetic user (less than 3 months typically) will want to inspect
their residual limb at regular intervals to ensure skin integrity. During the first
week, every 30 minutes to an hour is recommended. After you are wearing the
prosthesis for four hours with issue, then inspect the skin every four hours
until 2 weeks of no skin breakdown is detected. This schedule may be
modified by your prosthetist and you should follow their instructions.
Checking your skin regularly will decrease the chances of developing skin
breakdown on your residual limb.
22. Should I trim my liner and socks if they bunch up at the top?

No

Do not cut or modify any elements of your prosthesis or supporting garments.
They are very expensive and must retain a certain length to function. Speak
with your prosthetists if you have concerns with the length of the liners and
socks. Otherwise your liners and socks may not function as intended, which
can result in a loss of suspension and injury to the wearer.
23. Should I call my prosthetist if I must wear 15-ply of socks to fit in my
prosthesis?

Yes

It is normal to wear anywhere from 1-15 ply of socks during the first few
months of prosthesis wearing. Everyone will have a different number of ply
they need, and the number can change throughout the day based on activity
level and diet. After you are wearing 15 ply or more at any singular time, you
should contact your prosthetist as this is a sign of your residual limb maturing
and the socket may need to be remolded. Failure to contact your prosthetist
may result in the prosthesis not fitting correctly, which can cause injury to
your limb.
24. Should I add an additional 1-ply prosthetic sock if the fit feels loose?

Yes

It is important you detect and correct any changes in your residual limb
volume throughout the day. Adding socks is a normal part of the process.
Add as few as you need to ensure a comfortable fit. If 15 or more socks are
need for a comfortable fit, contact your prosthetists as this is a sign that your
residual limb is naturally shrinking. A loose fitting socket can cause abnormal
pressures on the residual limb, and if not corrected can cause skin breakdown
or injury.
25. Should I remove a 1-ply prosthetic sock if the fit feels too tight?

Yes

It is important you detect and correct any changes in your residual limb
volume throughout the day. Removing socks is a normal part of the process.
Remove as few as you need to ensure a comfortable fit. If your residual limb is
very swollen and cannot fit in your prosthesis, contact your prosthetist and
leave the prosthesis off. Swelling can be an indication of fluid retention or
other medical issues.
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26. Should I clean my liner every day?

Yes

Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis. You should have two liners so that when one is drying off you can wear
the other. A clean liner prevents fungal infections and rashes on the residual
limb. Cleaning the liner also allows you to check the integrity of the liner and
identify if there are areas of breakdown that require the liner to be replaced.
27. Should I dry my liner overnight after washing?

Yes

Dry your liner overnight to ensure that no moisture remains in the liner.
Moisture can influence the fit and may irritate the skin. Once cleaned and
dried, place the liner either on a liner tree provided by the prosthetist or turn
liner back so that the fabric is on the outside. Do not leave liner to dry with
silicon side out as it can attract debris, and debris could irritate the skin.
28. Should I fold my liner over a coat hanger to dry?

No

Folding of the liner will cause breakdown of the silicon. Instead, dry your
liner with a lint free cloth then allow the liner to dry with the fabric to outside.
If the silicon side is left facing out, it may attract unwanted debris which can
harm your residual limb.
29. Should I clean my liner every other day?

No

Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis. You should have two liners so that when one is drying off you can wear
the other. A clean liner prevents fungal infections and rashes on the residual
limb. Cleaning the liner also allows you to check the integrity of the liner and
identify if there are areas of breakdown that require the liner to be replaced.
30. Should I stop wearing my prosthesis if I have a wound on my residual limb?

Yes

Speak to your prosthetist if you develop a wound on your residual limb. It
could be related to several factors, and your prosthetist will be able to
determine the best course of action. Never wear your prosthesis if your
residual limb has a wound of any sort. Doing so may result in infection and
injury.
31. Should I adjust the screws on the prosthesis if I have an area of discomfort on
my residual limb?
Do not adjust screws of the prosthesis unless instructed to do so by your
prosthetist. If you are experiencing residual limb discomfort, speak to your
prosthetist and they can adjust the prosthesis. Adjusting the screws may cause
failure of the prosthesis, void your warranty, and result in injury to yourself.
32. Should I tighten the screws on the prosthesis if it is making noise?

No

No
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Do not adjust screws of the prosthesis unless instructed to do so by your
prosthetist. Your prosthesis should not make noise different form its normal
function. If you detect a sound that is different from its normal function,
contact your prosthetist. Do not attempt to tighten any screws. Adjusting the
screws may cause failure of the prosthesis, void your warranty, and result in
injury to yourself.
33. Should I inspect my skin before placing my prosthesis on?

Yes

Inspect your skin before and after wearing your prosthesis. When you are first
learning to use your prosthesis, you should inspect your skin during its use as
well by removing the prosthesis and looking at the skin. Pay attention to areas
of redness, skin irregularities like a pimple or rash, and look for signs of skin
breakdown. If you identify issues, do not wear your prosthesis. Instead,
contact your prosthetist. Wearing your prosthesis when you have skin
breakdown can cause serious injury.
34. Should I inspect my skin after removing my prosthesis?

Yes

Inspect your skin before and after wearing your prosthesis. When you are first
learning to use your prosthesis, you should inspect your skin during its use as
well by removing the prosthesis and looking at the skin. Pay attention to areas
of redness, skin irregularities like a pimple or rash, and look for signs of skin
breakdown. If you identify issues, do not wear your prosthesis. Instead,
contact your prosthetist. Wearing your prosthesis when you have skin
breakdown can cause serious injury.
35. Should I experience swelling or shrinking of my residual limb?

Yes

It is normal for the residual limb to change in volume throughout the day.
Typically, the residual limb will be more swollen if you are retaining fluid, are
leaving the residual limb dangling, or fail to wear a compressive garment. If
you notice the residual limb becomes very swollen or changes in shape
drastically, please consult your doctor immediately as it may be a sign of
complications.
36. Should I clean my liner every week?

No

Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis. You should have two liners so that when one is drying off you can wear
the other. A clean liner prevents fungal infections and rashes on the residual
limb. Cleaning the liner also allows you to check the integrity of the liner and
identify if there are areas of breakdown that require the liner to be replaced.
37. Should I place a bandage over any irritation that forms on my residual limb
from wearing my prosthesis?
You should not have any abrasions on your residual limb. Understanding why
the abrasions are developing is more important than treating the irritation with
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a band-aid. Discontinue wearing the prosthesis and contact your prosthetist
about the irritation. Failure to contact your prosthetist can result in further
injury to the limb if you continue to wear the prosthesis.
38. Should I pad or cushion my prosthetic socket when if I feel pain when wearing
my prosthesis?
First make sure the fit of the prosthesis is correct. You may need to add a
sock. If modifying the fit of your prosthesis does not relieve the pain,
discontinue wearing your prosthesis and contact your prosthetist. Placing
padding or augmenting your socket may make the problem worse. Only the
prosthetist should modify the prosthesis.
39. When wearing my prosthesis, should I have mild pain or discomfort while
walking?
Walking with a prosthesis should not be painful, even mildly. If your residual
limb is uncomfortable during walking and you have attempted to adjust your
fit by adding/removing socks, leave the prosthesis off and contact your
prosthetist. The prosthetist may need to modify your socket further. Failure to
contact your prosthetists and continued use of the prosthesis can result in
injury.
40. When wearing my prosthesis, should I experience small blisters on my
residual limb from the pressure?
You should not experience small blisters or breakdown on your residual limb
from wearing your prosthesis. If you notice this, leave the prosthesis off and
contact your prosthetist. There could be an allergic reaction to the liner or an
issue with your fit. The prosthetist may need to modify your socket further.
Failure to contact your prosthetists and continued use of the prosthesis can
result in injury.
41. When wearing my prosthesis, should I tape any cracks that form in the socket?
If you notice any element of your prosthesis is broken or damaged, leave off
the prosthesis and contact your prosthetist. Never attempt any self-repairs as
they may be insufficient and result in injury. A prosthetic socket is made of
very durable and lightweight material that can only be repaired by a
prosthetist.
42. When wearing my prosthesis, should I remove it and inspect my skin if I feel
discomfort or an abnormal sensation?
If you experience any discomfort or abnormal sensations on your residual
limb, remove the prosthesis, inspect your residual limb, and adjust the fit of
your prosthesis as needed. This may be accomplished through adding or
removing socks. If you notice skin breakdown or irritation, or you are unable
to eliminate the discomfort through adjusting your fit, discontinue wearing the
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prosthesis and contact your prosthetist. Continuing to walk on the prosthesis
may cause you injury.
43. When wearing my prosthesis, should I have bruises on my residual limb after
walking long distances?

No

Skin discoloration or bruising is not normal, even if walking long distances.
Discoloration or bruising may indicate that the fit of your prosthesis needs
adjustment. Contact your prosthetist if you have tried adjusting your fit and
you continue to have bruising. Otherwise you put yourself at risk of skin
breakdown.
44. Should I call my prosthetist if there is one small area of redness over a bone?

Yes

Redness should be distributed over the residual limb evenly, and not focused
over bony areas. If you notice this, and you have attempted to adjust your fit,
discontinue wearing the prosthesis and contact your clinician. Bony areas are
at an increased risk of breakdown and must be watched closely to prevent
injury.
45. Should I call my prosthetist if I cannot wear my prosthesis due to pain?

Yes

Pain can be due to numerous reasons, one of which is the fit of the prosthesis.
If you have tried modifying the fit but you still experience pain in the residual
limb that prevents wearing the prosthesis, discontinue wearing it and call your
prosthetist. The underlying cause of your pain needs to be determined and then
treated. Failure to contact your prosthetists and continued use of the prosthesis
can result in injury.
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Appendix M: S.M.A.R.T. SCAN
Question
1. Should I wash my limb every day?
2. Should I call my doctor if I notice any change in color or texture on my
residual limb?
3. Should I maintain night lights in my bedroom, hallways, and
bathroom?
4. Should I sit for 30 seconds before walking to the bathroom in the
middle of the night?
5. Should I inspect my skin, or have someone else inspect my skin, at
least twice a day?
6. Should I add an additional 1-ply prosthetic sock if the fit feels loose?
7. Should I remove a 1-ply prosthetic sock if the fit feels too tight?
8. Should I inspect my skin before placing putting my prosthesis on?
9. Should I inspect my skin after removing my prosthesis?
10. When wearing my prosthesis, should I remove it and inspect my skin if
I feel discomfort or an abnormal sensation?
11. Should I clean my liner every day?
12. Should I dry my liner overnight after washing?
13. Should I stop wearing my prosthesis if I have a wound on my residual
limb?
14. Should I call my prosthetist if there is one small area of redness over a
bone?

Answer
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES
YES
YES
YES
YES

NO
NO
NO
NO
NO

IDK
IDK
IDK
IDK
IDK

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
___/14

Answer Key:

1. Should I wash my residual limb every day?
Since your residual limb is healed, you should be washing it like any other portion
of your body. Special attention to the creases and wrinkles should be given to
ensure that all areas of the residual limb are cleansed. Failure to wash your residual
limb thoroughly and frequently can result in infections or rashes that will prevent
you from wearing your prosthesis. In general, hypoallergenic soap that is fragrance
free is a desirable choice for all skin types. Water should be warm, not hot, like the
temperature you use to wash the rest of your body. After washing, the residual
limb should be towel dried. Failure to wash your residual limb on a daily basis
may lead to the development of rashes or infections.
2. Should I call my doctor if I notice any change in color or texture of my residual
limb?
Discoloration or changes in the texture of the residual limb may indicate that there
is an infection or other issue that may require medical attention. A pimple or other
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skin change would be considered a concern as well. Call your doctor and follow
their instructions on how to care for your limb. Discontinue prosthesis use until
cleared by the doctor.
3. Should I maintain night lights in my bedroom, hallways, and bathroom?

Yes

Many falls occur at night because of poor lighting. Maintain night lights
throughout your home to improve visibility during low-light situations. The most
common places for falls are thresholds between rooms, the bedroom, and the
bathroom. Not having proper lighting increases your risk of falling and injuring
yourself.
4. Should I sit for 30 seconds before going to the bathroom in the middle of the night?

Yes

Sitting at the edge of bed will decrease the chances you will attempt to get up and
walk without an assisted device or your prosthesis. Falls frequently happen at night
when an individual forgets they are missing a portion of their residual limb. It also
allows sometime to allow blood pressure normalization and situational awareness.
Failure to sit for at least 30 seconds can result in a fall or injury.
5. Should I inspect my skin, or have someone else inspect my skin, at least twice a
day?

Yes

You should inspect your residual limb at the very least twice a day, but preferably
more during the first months after your surgery and when learning to use a
prosthesis. Inspect your skin at regular intervals by removing your compressive
garments if you are wearing them and inspect the skin for indications of
breakdown, irritation, discolorations, or other abnormalities. If you have an area of
concern, contact your doctor to discuss management of the situation. Skin issues
should be treated as soon as possible to prevent complications like infection or
breakdown.
6. Should I add an additional 1-ply prosthetic sock if the fit feels loose?

Yes

It is important you detect and correct any changes in your residual limb volume
throughout the day. Adding socks is a normal part of the process. Add as few as
you need to ensure a comfortable fit. If 15 or more socks are need for a comfortable
fit, contact your prosthetists as this is a sign that your residual limb is naturally
shrinking. A loose fitting socket can cause abnormal pressures on the residual limb,
and if not corrected can cause skin breakdown or injury.
7. Should I remove a 1-ply prosthetic sock if the fit feels too tight?

Yes

It is important you detect and correct any changes in your residual limb volume
throughout the day. Removing socks is a normal part of the process. Remove as
few as you need to ensure a comfortable fit. If your residual limb is very swollen
and cannot fit in your prosthesis, contact your prosthetist and leave the prosthesis
off. Swelling can be an indication of fluid retention or other medical issues.
8. Should I inspect my skin before placing my prosthesis on?

Yes
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Inspect your skin before and after wearing your prosthesis. When you are first
learning to use your prosthesis, you should inspect your skin during its use as well
by removing the prosthesis and looking at the skin. Pay attention to areas of
redness, skin irregularities like a pimple or rash, and look for signs of skin
breakdown. If you identify issues, do not wear your prosthesis. Instead, contact
your prosthetist. Wearing your prosthesis when you have skin breakdown can cause
serious injury.
9. Should I inspect my skin after removing my prosthesis?
Inspect your skin before and after wearing your prosthesis. When you are first
learning to use your prosthesis, you should inspect your skin during its use as well
by removing the prosthesis and looking at the skin. Pay attention to areas of
redness, skin irregularities like a pimple or rash, and look for signs of skin
breakdown. If you identify issues, do not wear your prosthesis. Instead, contact
your prosthetist. Wearing your prosthesis when you have skin breakdown can cause
serious injury.
10. When wearing my prosthesis, should I remove it and inspect my skin if I feel
discomfort?

Yes

Yes

If you experience any discomfort or abnormal sensations on your residual limb,
remove the prosthesis, inspect your residual limb, and adjust the fit of your
prosthesis as needed. This may be accomplished through adding or removing socks.
If you notice skin breakdown or irritation, or you are unable to eliminate the
discomfort through adjusting your fit, discontinue wearing the prosthesis and
contact your prosthetist. Continuing to walk on the prosthesis may cause you
injury.
11. Should I clean my liner every day?

Yes

Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis. You should have two liners so that when one is drying off you can wear the
other. A clean liner prevents fungal infections and rashes on the residual limb.
Cleaning the liner also allows you to check the integrity of the liner and identify if
there are areas of breakdown that require the liner to be replaced.
12. Should I dry my liner overnight after washing?

Yes

Dry your liner overnight to ensure that no moisture remains in the liner. Moisture
can influence the fit and may irritate the skin. Once cleaned and dried, place the
liner either on a liner tree provided by the prosthetist or turn liner back so that the
fabric is on the outside. Do not leave liner to dry with silicon side out as it can
attract debris, and debris could irritate the skin.
13. Should I stop wearing my prosthesis if I have a wound on my residual limb?

Yes

Speak to your prosthetist if you develop a wound on your residual limb. It could be
related to several factors, and your prosthetist will be able to determine the best
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course of action. Never wear your prosthesis if your residual limb has a wound of
any sort. Doing so may result in infection and injury.
14. Should I call my prosthetist if there is one small area of redness over a bone?
Redness should be distributed over the residual limb evenly, and not focused over
bony areas. If you notice this, and you have attempted to adjust your fit,
discontinue wearing the prosthesis and contact your clinician. Bony areas are at an
increased risk of breakdown and must be watched closely to prevent injury.

Yes
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Appendix N: S.M.A.R.T.-RL
Question
1. Should I wash my limb every day?
2. Should I apply non-oily lotion to my residual limb every day?
3. Should I cover my residual limb in a compressive garment while
awake?
4. Should I cover my residual limb in a compressive garment while
sleeping?
5. Should I inspect my skin, or have someone else inspect my skin, at
least twice a day?
6. Should I call my doctor if I notice any change in color or texture on
my residual limb?
7. Should I call my doctor if I notice redness/discoloration around my
surgical site?
8. Should I keep my knee straight when sitting or lying down? (skip if
not applicable)
9. Should I maintain night lights in my bedroom, hallways, and
bathroom?
10. Should I sit for 30 seconds before walking to the bathroom in the
middle of the night?

Answer
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
___/10

Answer Key:
1. Should I wash my residual limb every day?
Since your residual limb is healed, you should be washing it like any other
portion of your body. Special attention to the creases and wrinkles should be
given to ensure that all areas of the residual limb are cleansed. Failure to wash
your residual limb thoroughly and frequently can result in infections or rashes
that will prevent you from wearing your prosthesis. In general, hypoallergenic
soap that is fragrance free is a desirable choice for all skin types. Water should
be warm, not hot, like the temperature you use to wash the rest of your body.
After washing, the residual limb should be towel dried. Failure to wash your
residual limb on a daily basis may lead to the development of rashes or
infections.
2. Should I apply non-oily lotion to my limb every day?
Lotion your residual limb the same way you would any other part of your
body. That is, apply lotion to the residual limb on a daily basis. In general, a
hypo-allergenic, fragrance-free lotion is the most appropriate for sensitive skin.
Oily lotions will leave a heavy residue that may interfere with your
compressive garments or liners. Pick a lotion that is light enough so that it dries
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on the skin after about an hour. If you have any areas of skin breakdown or if
your surgical site is not yet fully healed, avoid applying lotion to these areas.
Failing to keep the skin moisturized may lead to skin tearing r breakdown. If
you are using a prosthesis, apply lotion at least 8-10 hours before applying
your liner. Never put lotion on before you put your prosthetic liner on as it can
cause slipping.
3. Should I cover my residual limb in a compressive garment while awake?

Yes

You should wear your compressive garments at all times, except for showering,
wearing your prosthesis, or during changing of the garments. The garments
maintain the volume of the residual limb and help shape it. If you are unsure on
how to safely apply and wear your compressive garment, speak to your
prosthetist. At a certain point your prosthetist may recommend discontinuation
of the compressive garments. Do not discontinue using until instructed to do so.
Failing to wear your compressive garment may result in the inability to wear a
prosthesis comfortably.
4. Should I cover my residual limb in a compressive garment while sleeping?

Yes

You should wear your compressive garments at all times, except for showering,
wearing your prosthesis, or during changing of the garments. The garments
maintain the volume of the residual limb and help shape it. If you are unsure on
how to safely apply and wear your compressive garment, speak to your
prosthetist. At a certain point your prosthetist may recommend discontinuation
of the compressive garments. Do not discontinue using until instructed to do so.
Failing to wear your compressive garment may result in the inability to wear a
prosthesis comfortably.
5. Should I inspect my skin, or have someone else inspect my skin, at least twice a Yes
day?
You should inspect your residual limb at the very least twice a day, but
preferably more during the first months after your surgery and when learning to
use a prosthesis. Inspect your skin at regular intervals by removing your
compressive garments if you are wearing them and inspect the skin for
indications of breakdown, irritation, discolorations, or other abnormalities. If
you have an area of concern, contact your doctor to discuss management of the
situation. Skin issues should be treated as soon as possible to prevent
complications like infection or breakdown.
6. Should I call my doctor if I notice any change in color or texture of my residual
limb?
Discoloration or changes in the texture of the residual limb may indicate that
there is an infection or other issue that may require medical attention. A pimple
or other skin change would be considered a concern as well. Call your doctor
and follow their instructions on how to care for your limb. Discontinue
prosthesis use until cleared by the doctor.

Yes
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7. Should I call my doctor if I notice redness/discoloration around my surgical
site?
Redness and discoloration can indicate complications in healing. If you notice
changes in your skin that have appeared around the surgical site, or elsewhere
on your residual limb, contact your doctor. Discontinue using your prosthesis
until instructed to use it again. Failing to contact the doctor and discontinue
prosthesis use may result in injury to the limb.
8. Should I keep my knee straight when sitting or lying down? (skip if not
applicable)
Keeping the knee straight will prevent a knee flexion contracture. Even after
you have been wearing a prosthesis for a long time, it is a good idea to make
sure you are stretching the muscles behind the knee to prevent loss of
flexibility. This is very important to make the wearing of your prosthesis more
comfortable. If your knee becomes contracted, you may not be able to wear
your prosthesis. Speak to your physical therapist for instructions on how to
perform stretches.
9. Should I maintain night lights in my bedroom, hallways, and bathroom?
Many falls occur at night because of poor lighting. Maintain night lights
throughout your home to improve visibility during low-light situations. The
most common places for falls are thresholds between rooms, the bedroom, and
the bathroom. Not having proper lighting increases your risk of falling and
injuring yourself.
10. Should I sit for 30 seconds before going to the bathroom in the middle of the
night?
Sitting at the edge of bed will decrease the chances you will attempt to get up
and walk without an assisted device or your prosthesis. Falls frequently happen
at night when an individual forgets they are missing a portion of their residual
limb. It also allows sometime to allow blood pressure normalization and
situational awareness. Failure to sit for at least 30 seconds can result in a fall or
injury.

Yes

Yes

Yes

Yes
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Appendix O: S.M.A.R.T.-PR
Question
1. Should I remove my prosthesis when taking a shower or bath?
2. Should I shave my residual limb?
3. Should I wear my prosthesis as long as I like during the day?
4. Should I be able to do whatever activity I would like with my
prosthesis?
5. Should I be able to use the prosthesis for swimming, or to wade in
water at a pool/lake?
6. Should I inspect my skin at least twice a day by removing my
prosthesis?
7. Should I trim my liner and socks if they bunch up at the top?
8. Should I call my prosthetist if I must wear 15-ply of socks to fit in
my prosthesis?
9. Should I add an additional 1-ply prosthetic sock if the fit feels
loose?
10. Should I remove a 1-ply prosthetic sock if the fit feels too tight?
11. Should I clean my liner every day?
12. Should I adjust the screws on the prosthesis if I have an area of
discomfort on my residual limb?
13. Should I tighten the screws on the prosthesis if it is making noise?
14. Should I pad or cushion my prosthetic socket if I feel pain when
wearing my prosthesis?
15. Should I call my prosthetists if there is one small area of redness
over a bone?

Answer
YES NO
YES NO
YES NO
YES NO

IDK
IDK
IDK
IDK

YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
YES NO IDK
__/15

Answer Key:
1. Should I remove my prosthesis when taking a shower or bath?

Yes

The answer is yes unless you have specifically had a prosthesis designed to get
wet. Newer prosthetic users will be in a temporary prosthesis. This type of
prosthesis is not designed to get wet. When showering or bathing, you should
remove the prosthesis and any underlying garments (liners, socks) before
taking a shower or bath. Speak with your prosthetist about your permanent
prosthesis and if it can get wet. Getting your prosthesis wet may cause damage
to the components and failure of the device.
2. Should I shave my residual limb?

No
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You do not want to shave your residual limb unless explicitly instructed to do
so. The risk of injury or infection to the residual limb is too great. Many
people who have diabetes or vascular issues should never shave their residual
limbs unless instructed. If you are allowed to shave your residual limb, do so at
least 10 hours before wearing your prosthesis. Waiting 10 hours allows the skin
to repair and will decrease the occurrence of ingrown hairs or irritation.
3. Should I wear my prosthesis as long as I like during the day?

No

You should wear gradually into your prosthesis. A general rule is to start with
1 hour a day of total wearing time, spending 50% of the time walking or
moving and the other 50% resting with prosthesis on. You can add 1 hour a
day every day, maintaining the ratio, until you demonstrate the necessary skin
integrity to wear it as long as you like. Skin inspections must be performed
before/after/during wearing the prosthesis. Everyone is different, so consult
with your prosthetist and design a wearing schedule appropriate for you. Failure
to respect the wearing schedule can result in skin breakdown or tissue injury.
4. Should I be able to do whatever activity I would like with my prosthesis?
No
If you are in your temporary prosthesis then not all activities are appropriate.
The temporary prosthesis may not be designed to perform certain demanding
activities, like jumping, running, swimming, or weightlifting. Attempting these
activities in a temporary prosthesis could limit your performance or result in an
injury. Speak with your prosthetist about the limitations of your temporary
prosthesis.
If you are I your permanent prosthesis, it is important to know that there are
specific weight and performance limits to your particular model. It is best to
speak with your prosthetist and define what you can and cannot safely do with
your prosthesis. The prosthesis may break or cause you injury if you exceed its
capabilities.
5. Should I be able to use the prosthesis for swimming, or to wade in water at a
pool/lake?
If you are in your temporary prosthesis then not all activities are appropriate.
This type of prosthesis is not designed to get wet. Additionally, sand and salt
water may damage the prosthesis. If approved to swim, remove the prosthesis
and any underlying garments (liners, socks). Speak with your prosthetist about
a prosthesis that can be used for swimming and what water environments are
allowed. Otherwise, the prosthesis may be damaged and fail to function as it is
designed.
6. Should I inspect my skin at least twice a day by removing my prosthesis?
A newer prosthetic user (less than 3 months typically) will want to inspect their
residual limb at regular intervals to ensure skin integrity. During the first week,
every 30 minutes to an hour is recommended. After you are wearing the

No

Yes
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prosthesis for four hours with issue, then inspect the skin every four hours until
2 weeks of no skin breakdown is detected. This schedule may be modified by
your prosthetist and you should follow their instructions. Checking your skin
regularly will decrease the chances of developing skin breakdown on your
residual limb.
7. Should I trim my liner and socks if they bunch up at the top?

No

Do not cut or modify any elements of your prosthesis or supporting garments.
They are very expensive and must retain a certain length to function. Speak
with your prosthetists if you have concerns with the length of the liners and
socks. Otherwise your liners and socks may not function as intended, which can
result in a loss of suspension and injury to the wearer.
8. Should I call my prosthetist if I must wear 15-ply of socks to fit in my
Yes
prosthesis?
It is normal to wear anywhere from 1-15 ply of socks during the first few
months of prosthesis wearing. Everyone will have a different number of ply
they need, and the number can change throughout the day based on activity
level and diet. After you are wearing 15 ply or more at any singular time, you
should contact your prosthetist as this is a sign of your residual limb maturing
and the socket may need to be remolded. Failure to contact your prosthetist may
result in the prosthesis not fitting correctly, which can cause injury to your
limb.
9. Should I add an additional 1-ply prosthetic sock if the fit feels loose?
Yes
It is important you detect and correct any changes in your residual limb volume
throughout the day. Adding socks is a normal part of the process. Add as few
as you need to ensure a comfortable fit. If 15 or more socks are need for a
comfortable fit, contact your prosthetists as this is a sign that your residual limb
is naturally shrinking. A loose fitting socket can cause abnormal pressures on
the residual limb, and if not corrected can cause skin breakdown or injury.
10. Should I remove a 1-ply prosthetic sock if the fit feels too tight?

Yes

It is important you detect and correct any changes in your residual limb volume
throughout the day. Removing socks is a normal part of the process. Remove
as few as you need to ensure a comfortable fit. If your residual limb is very
swollen and cannot fit in your prosthesis, contact your prosthetist and leave the
prosthesis off. Swelling can be an indication of fluid retention or other medical
issues.
11. Should I clean my liner every day?

Yes

Cleaning your liners with warm water and soap, alcohol solution, or any other
recommended cleaning solution by your prosthetist should be done on a daily
basis. You should have two liners so that when one is drying off you can wear
the other. A clean liner prevents fungal infections and rashes on the residual
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limb. Cleaning the liner also allows you to check the integrity of the liner and
identify if there are areas of breakdown that require the liner to be replaced.
12. Should I adjust the screws on the prosthesis if I have an area of discomfort on
my residual limb?
Do not adjust screws of the prosthesis unless instructed to do so by your
prosthetist. If you are experiencing residual limb discomfort, speak to your
prosthetist and they can adjust the prosthesis. Adjusting the screws may cause
failure of the prosthesis, void your warranty, and result in injury to yourself.
13. Should I tighten the screws on the prosthesis if it is making noise?

No

No

Do not adjust screws of the prosthesis unless instructed to do so by your
prosthetist. Your prosthesis should not make noise different form its normal
function. If you detect a sound that is different from its normal function, contact
your prosthetist. Do not attempt to tighten any screws. Adjusting the screws
may cause failure of the prosthesis, void your warranty, and result in injury to
yourself.
14. Should I pad or cushion my prosthetic socket when if I feel pain when wearing No
my prosthesis?
First make sure the fit of the prosthesis is correct. You may need to add a sock.
If modifying the fit of your prosthesis does not relieve the pain, discontinue
wearing your prosthesis and contact your prosthetist. Placing padding or
augmenting your socket may make the problem worse. Only the prosthetist
should modify the prosthesis.
15. Should I call my prosthetist if there is one small area of redness over a bone?
Redness should be distributed over the residual limb evenly, and not focused
over bony areas. If you notice this, and you have attempted to adjust your fit,
discontinue wearing the prosthesis and contact your clinician. Bony areas are at
an increased risk of breakdown and must be watched closely to prevent injury.

Yes
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